UNIVERSITY OF ILLINOIS 
ENGINEERING EXPERIMENT STATION 


BuLtetin No. 64 NC 1913 


) 


TESTS OF REINFORCED CONCRETE BUILDINGS 
UNDER LOAD 


By Arruur N. Tarspot, Proressor or MunIcIPAL AND SANITARY 


Pie ot Deis 


ENGINEERING AND IN CHARGE OF THEORETICAL AND APPLIED 
MEcHANICS, AND WILLIS A. SLATER, First ASSISTANT 
IN ENGINEERING EXPERIMENT STATION 


CONTENTS 

I. IntTROpDUCTION 
PWS) a le oa ac oa rr rr rr a oe 
OCLC LS or 6 
PANNA CO IMEC EE ec fos cis «org kid x ceive eee ks SD 6 
OEE UIMTON SID Soc tetany aa See 7 

IJ. Tuer Trstine or BUILDINGS 
UIDOSUG Fra ESSE SAM ICY FEN Saar no ae i 
| DEE ELIE, oS a ckiee us Oe eee ae ee 10 
General Outline of Method of Testing..................... 11 
Mem AIM ero rar beSt aa ya acces ct ee Pewee con eas 12 
BOP AEUOMMOlLM NON LCSt) sci e cid a sac he pains Maem Alf 
TESTED E 5 so 8 6 le 5 Soest ROR OE 21 
Pose oy SONOS BOERS eS ae EE OS I re mae 25 
pee ee ECCI Mn he ccc ye Guess ovary Raw s coe ns oe 28 
(De ot irere) LOR GTS Tr) ES Ba ea 30 
Pextensommever OUSerVatlONS:... 226. 6- ee ek ete ede ee wba 32 
ter IOMLOMIOC LOCKS. iliac, ce cc ee ede ees eevee wien 35 
Accuracy of Deformation Measurements.................. 35 


Effect of Changes in Temperature on Accuracy of Results.... 39 
Sear sane aICUlALIONS.. =... 00.252 eee ew tee eee bees 


Tosti IDG os cece ee Ee ae 44 

Me eTROTECIICL CStS re oe ck Se eles 05s Lm ETE eee 46 
III. Tue WENALDEN BuiutpiInG TEST 

Oye TRO TST S200 IG se ie OR ree Oe a are 46 

Method of Testing............. PE its is baa SNe seas 48 


CONTENTS 
Method: of Loading? o:..< 295.5 Se en 49 
The Deformations and Stresses... = se | ae eee 51 
Test: Gracks. .. 2-0 2G on do oe ee eee 57 
Defiections. 2.0: 22.60... Sa eee 58 
WallePanel o: <.:: ¢ ccdiot ok teed Come, Generel ae ee 59 
Examination of Floor after Test............ Se ee). 60 
IV. Tue TurNER-CARTER BUILDING TEST 
RHE BUUGIIe —..cs-<ak om Mot ee Gia ke ae ee ee 61 
Method of, ‘lesting:«.0, 4o...2s 6S dae ee ee ee 63 
Preparation for. the: Lest ic.chiliascae accel te eee 66 
Method ofsioadings.<0.2...25 Gade. See ee oe eee 67 
Making: therTest... so unst.tacRe ct. Boeke tae ee ee 69 
Deformationsand! OtLeSSeS a eens eee een 73 
SOATNS Sled bas Doe Shae esas cece een, ee ae eee 76 
Girdergc 25 fi oon Woh so bee en 79 
Decrease in Compression with Distance from Support....... 80 
pL ene “A COON ce cee se oh een Se oan 81 
WiloOT, Diabetes. 0d togo os wkd OS Moe Oe 82 
Bond: Stresses we. no Lh ee eee 82 
Web Deformationem.. . . . 4 ina sas eee eee 83 
Deheehions eRe cess et eo kee be eee 84 
Effect of Number of Panels Loaded.....................-. 84 
Effect of Time on Stresses Developed..................... 86 
Goluimnnss, 4 62s. oc ceca oe ee ee 87 
Pest Cracks... 3d. bec Sao pa Re ee eee 87 
V. THe DEERE AND WEBBER BUILDING TEST 
‘whe Building 0. =. 20) cui 5+ oe ee ee oe ee eee 88 
Method. of Testing. 6.322...) ls oe eee 89 
Loads and ‘Teésting...02 24.0 Jy. fue eee ee 91 
Deflections« en. 2.225 ee ee ee eee 96 
Stress in Reinforcement Kh: Centenscs on ate ee 97 
Stress in Reinforcement at Column Capital................ 99 
Stress in Concrete at Edge of Capital..................... 99 
pummary of Stresses: 2 7s ee 101 
GREK S Seo ccic uc a5 sa ee Oe ee ee 102 
Coniments. 2. 6.00005... 0G< ee 103 


VI. GENERAL COMMENTS 
General Comments......... 


SE MNBAR WN 


i 


Bo IN 


35. 


CONTENTS 


LIST OF TABLES 
Probable Error of the Average of any Group of Five Consecutive Readings 
Form Showing Method of Reducing Deformation Data.... 
General Data of Tests 


Deflection of Slab (in inches) at Points Midway between Columns in Deere and Webber 
IB url nig Dest Neasra ea ststs. spose ce ste clear ree ceed ree ee os, Oe et TO 
Unit-Deformation in Reinforcement at Center of Span between Columns in Deere and 
Webber: Building Nestea scat tere ace oe eee ee eee eee 
Unit Deformation in Reinforcement over Capital in Deere and Webber Building Test.... 
Unit Deformation in Concrete at Edge of Capital in Deere and Webber Building Test... . 
Stress Indications in Deere and Webber Building Test............00ccccecececececece 


LIST OF FIGURES 


Drawing Showing Relativersizes.or Lests. =... <2). eects benyasmsce ose nelee eee 
Carleton Building Test; Plan Showing Position of Gauge Lines....................-- 3 


‘Powers Building Test; Load-deformation Diagrams for Series of Gauge Lines on Rein- 


COLE Bey aio End ace Raph rs ees ea eee eR ICI a MTR eo Rite PETE EE eR Gn ors 
Powers Building Test; Location of Series of Gauge Lines................0-cceeecseeee 
Powers Building Test; Data of Fig. 3 Plotted as Distance-deformation Curves.......... 
Franks Building Test; Observation Platform and Deflection Framework................ 
Turner-Carter Building Test; Photograph showing Variation in Height of Gauge Lines... . 
Turner-Carter Building Test? Interior Of Officers. 6.2 oo6 cece ie oo ole s/s es 02 ots)s ole arya lsisvers 
Barr Panel Test; Sand in Sacks as a Loading Material..............0cecececececscecs 
Franks Building Test; Pig-Iron as a Loading Material............... 00.0 cece eeceeeee 
Moment and Shear Curves for Three Arrangements of Load............cececeeeeecess 
Disnoisehy perof Berry. H xtensometers cairn c ckyjeyarsesietaieysisieneie eine aietaiey sv eeste + apres eavat sts os 
OriginaleBerry, Wxtensomecver in WSC seers xiererereoieteteintss ates) sretey elas talave, ea ateie pias etereternslsteits 
News Berrys bx tOnSOme bere stetecacsieters rae tererecaj et acteon ener seeracarat a svera-as unye) evensta dst = lay diay rere EEN 
extensometer Designed. DY. Hs die: L TOLCASE s.5:<.c1s syste teyers.=) eyereye1 cayayste ce eye) ela 2)/8 pnsteys 2) bis; cen oseeetS 
Turner-Carter Building Test; Taking an Observation on a Standard Gauge Line........ 


(a.) Deflectometer; University of Illinois Type; (b.) Deflectometer Used in Corrugated 
jek ape: (Stepan eres cobb amiad een BOO Oa RESO MAND CIGD OO DREHER TOO DO LOO O 
Turner-Carter Building Test; Instruments and Tools. .......... 2. cece cece cece ee eeee 
Rositiontandeminishvor. GaleerklOlesccstevcysis 2 clays ears: eel <isieieralet's) cievelslsicleteissraia ator sle otsieiare oiayens 
Powers Building Test; Load-deformation Curves of Two Observers.......eseccceceees 
4-in. x 4-in. Timber Beam Test; Load-deformation Curves of Observations made to Com- 
DATOMUMSETUMIENUA oa secs vais cis slle* e1s ele) eie elaleis)+/elelaieicls1+1+/e 0 ale1s.s)cieleieisieys.e «19 \s\n/-)alaselna 
Probable Error; Diagram Showing Values Calculated from Data of Four Building Tests... 
Barr Panel Test; Diagram Showing deformation along Bottom Reinforcing Bar ........ 
Diagram Showing Change in Length of Instruments Due to Change in Temperature..... 
Diagram Showing Change in Length of Steel Bar Due to Change in Temperature........ 
Form for Records of Original and Calculated Notes. ........-...-seeeee cece scee renee 
MherWenaldoneBullding ayes ae clelerers sl\clevnicvsie lee els a6 *leisiv ve cleis Be ee ee PO OR Oe 
General Position of Reinforcement in Wenalden Building........-..--.-+-++ssssereee 
Plan Showing Location of Gauge Lines on Upper Sideot Floor saccn sete aetna sess Sie 
Plan Showing Location of Gauge Lines on Under Side OL BOGOR Sar cnenec torcza oierocaracefele eseteele 
View of Test Load in Wenalden Building... ........0.. sees cece rece cece eee cece 
Load-deformation Diagrams for Under Side of Girder at Middle...............-+... 
Load-deformation Diagrams at End of Girder............0- cece eects reece eee tees 
Load-deformation Diagrams for Upper Side of Beams at En eeee ls. craters alerntala ne ol easeuevere 
Location of Deflection Points in Wenalden Building...........-..+.+0e-eeeeeeeereeee 
Diagrams Showing Deflection of Frntermodiate Bearcat ieee os ies ele) s10:sleie sl izle ole)ainis/#)s\ 


38 


CONTENTS 


Wall Panel Test; Plan Showing Location of Gauge Lines........ Sra Norm aie tictesera star orate 
Wall Panel Test; Load-deformation Diagram..............ccseseeceerercerereeceee 
Wall Panel Test; Diagram Showing Deflection of Intermediate Beam................-- 
‘The Turner-Carter: Building seer. cco oeieivicteie caeitiela ie ote rerenanthavole See ie a eS ee C13 
Sketch Showing Reinforcement of Beams and Girders at Supports..................-- 
Plan Showing Location of Gauge Lines on Under Side of Floor..............-.++.+05- 
Plan Showing Location of Gauge Lines on Upper Side of Floor. .............-2+.0e0ee 
hocationvol sand boxes and) PlooriCracks miei itera tentitintal eons naiere eee 
Wiew! of Sand Boxes <.-scccnpcscue is atouspavales salen el eeusnnuciahens oustel <xaretexis tackskoWeerare)ar stieleier iis nevet= eee Rons 
Viowsor hestrLoaduni a urner-Carter SUL ding sep rasteleheis ott snen-asetee terete sie ieveleleterresetelatenetets 
Load-deformation Diagrams for Under Side of Beams at End...................0-05 0% 
Load-deformation Diagrams for Under Side of Beams at End.......................-. 
Load-deformation Diagrams for Under Side of Beams at End.................-.....-- 
Load-deformation Diagrams for Upper Side of Beams at End.................-.++00-- 
Load-deformation Diagrams for Under Side of Beams at Middle...................... 
Load-deformation Diagrams for Upper Side of Beams at Middle.....................- 
Load-deformation Diagrams for Under Side of Girders at End................0..0-00% 
Load-deformation Diagrams for Upper Side and Under Side of Girders at Middle........ 
Load-deformation Diagrams for Concrete on Under Side of Slab..............0.e0eee 
Load-deformation Diagrams for Concrete on Upper Side of Slab... ...............2.-5- 
Load-deformation Diagrams for Bent-up Bars and Stirrups................0--eeeeeeee 
Diagram Showing Distribution of Compressive Deformation in Bottom of Column Beam . 
Diagram Showing Distribution of Compressive Deformation in Intermediate Beam....... 
Diagram Showing Distribution of Compressive Deformation Across Flange of T-beams 
Arrangement of Gauge Lines to Test for Movement of Bar Relative to Concrete...... 
Woad-detlection Diagrams) r.tevcvevetese: sree couesevohe eve chavesoneve aveie levaleceishoiel clear aisielonereierercie ienetene renee 
Cabinet Projection Showing Beams and Girders and Position of Test Cracks............ 
Deerefandswebber BuildingaG, thes lame Of estin.icrscie craic outers octet ue eere rene eter eerie 
Plancot Hioor showing, ocationOf Panels ested ae mien nice ieicteniere ceteris ieinieteloneior eines 
Arrangement of Reinforcement and Location of Observation Points.............. caevenoee 
Halsework for Instriments.and., Observers acute ee ciel teeeicioeieenine eo eicieeaie eteteverere 
Defleciometer in Place cnc. aersrs toe eas sieve terete rods axe seaniahocer tte ante kaleieieleto Scie eI eee one 
Wissler Dial for Measuring Deformation in Reinforcement...............0e-ee0e- BOO 
Wiewof- Maximum: Dest: Toads..wealecaetrctnenis eis aicttii are saci one eee cre ele mice nO Te 
Diagram of Deheations sc) <cswtosacsisperate te cove tarsus estes rs eubel rons reso Aen IIe OCI error 
Diagram Showing Stress in Reinforcement at Center of Span 
Diagram Showing Stress in Reinforcement over Capital 
Diagram Showing Stress in Concrete at Edge of Capital. . 
Location of Cracks Traceable at Load of 350 lb. persa. ft.. 


TESTS OF REINFORCED CONCRETE BUILDINGS UNDER 
LOAD 


I. Inrropvction. 


1. Preliminary—tIn the development of the newer types of build- 
ing construction, the need of further information on the action of the 
structure in its various parts has been felt. Analysis gives methods of 
calculation of stresses and laboratory tests give data on the action of 
individual members; but the truth of the assumptions used in analysis 
may be questioned, and because of the method of fabrication or the in- 
fluence of one part on another the action of the structure may not be 
in exact accord with the conclusions derived from analytical considera- 
tions. It is especially important that knowledge on the amount and dis- 
tribution of deformations and stresses actually developed in structures 
be extended, and every effort may well be made to determine these 
stresses by tests of structures themselves. Many load-deflection tests of 
structures have been made, and such tests are required by city building 
departments as a condition of acceptance for allowable loading, and these 
tests have been used by construction companies and engineers to dem- 
onstrate the adequacy of various designs. lLoad-deflection tests are of 
value in judging of the quality of the workmanship and in giving con- 
fidence in the structure, but they throw little light on the stresses devel- 
oped in the different parts or upon their distribution. The deflections 
observed in such tests constitute a very inadequate measure of the stresses 
and may even be misleading in this respect. Slight deflections, which 
have been taken to indicate low stresses in steel and concrete, may actu- 
ally be accompanied by high stresses. In the matter of design there has 
been a divergency of views on the relation between the bending moment 
at a section at the support and that at the middle of the beam, on the 
distribution of stresses across a flat slab acting as the flange of a T-beam, 
on the restraint of girders and beams, and on the stresses developed in 
the flat slab type of floor construction. It is evident that measurements 
of the deformation in structures may be expected to greatly assist the 
settlement of such questions as these. 

The measurement of deformation in the various parts of a structure 
by a field test is a recent development in testing work. It may be ex- 
pected that in the early stages of the development of such field tests 
difficulties will be encountered and that experience will bring out the 
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methods which are most satisfactory and will indicate the precautions 
which must be observed to insure accurate and trustworthy results. The 
statement of the requirements for such a test will be of value in making 
other tests, and the methods of course should be carefully stated with the 
record of such tests. 

2. Scope of Bulletin—This bulletin records the results of three 
field tests made on reinforced concrete floor systems in which the meas- 
urement of deformations or strains in the parts of the structure was an 
important feature. As these tests comprise the earliest known measure- 
ments of this kind made upon reinforced concrete buildings and as the 
writers have been connected with the development of this method 
of testing, it has seemed proper to include a discussion of the method of 
testing—the use of the instruments, the methods of observation, the 
precautions to be taken, the accuracy of the results and the methods of 
loading. The bulletin then gives a record of the results of the tests on 
the floor systems of two buildings of the beam and girder type and of one 
building of the flat slab type, and contains discussions of the stresses 
developed and the general phenomena observed. 

3. Acknowledgment.—The technical part of making the tests was 
done as the work of the Engineering Experiment Station of the Uni- 
versity of Illinois. The first building test in which deformations of steel 
and concrete were measured was made on the Deere and Webber Build- 
ing in November, 1910. This test was under the direct supervision of 
Mr. Arthur R. Lord, then Research Fellow in the Engineering Experi- 
ment Station. Mr. Lord is entitled to much credit for his work in 
directing this test and for the initiative, foresight and care used in 
developing methods and in making the test. The report of the test on 
the Deere and Webber Building and the discussion of the results were 
prepared by Mr. Lord and with his permission are included in this 
bulletin. Mr. W. A. Slater was in direct supervision of the test of the 
Wenalden Building and the Turner-Carter Building, and has been inti- 
mately connected with the other tests of the kind named in this bulletin, 
and to him credit is due for many of the methods and details of the 
testing work and for formulating the provisions and precautions neces- 
sary to give accuracy and trustworthiness to the results. 

The tests were undertaken as co-operatove work. The tests on the 
Wenalden Building and the Turner-Carter Building were made in con- 
nection with the Committee on Reinforced Concrete and Building Laws 
of the National Association of Cement Users, and the president and the 
treasurer of the Association raised the funds to defray expenses of the 
test. The contractors who erected the buildings also assisted in these 
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tests. The expense of the Deere and Webber test was borne by the build- 
ing contractor, to whom especial credit should be given for very active 
interest and co-operation in initiating a new line of tests. 

The tests were conducted by members of the staff of the Engineering 
Experiment Station of the University of Illinois. These included Messrs. 
H. F. Moore, W. A. Slater, A. R. Lord, D. A. Abrams, N. E. Ensign 
and H. F. Gonnerman. The observers on the Deere and Webber Building 
test were Messrs. Moore, Slater and Lord; on the Wenalden Building 
test, Messrs. Moore, Slater and Ensign; and on the Turner-Carter Build- 
ing, Messrs. Moore and Slater. Professor Talbot was in charge of the 
work. Papers covering much of the ground of this bulletin have been 
presented before the National Association of Cement Users and pub- 
lished in Vols. VII and VIII of the Proceedings of the Association. 

4. Comment.—A few words on the basis and limitations of such tests 
may not be out of place here. It must be borne in mind that the meas- 
urements and observations are subject to some uncertainty as compared 
with certain laboratory tests; they are not exact or precise, and some 
erratic readings may be expected. The measuring instrument is used 
under unfavorable conditions. The gauge holes are deep in the concrete 
and the measurements may be interfered with by’dust or other obstruct- 
ing matter. It is evident that great care and much skill is necessary 
in making observations. Each test made has shown advances in accuracy 
and certainty, and further experience ought to show additional progress. 
Besides, it must be understood that the structure itself is not entirely 
homogeneous and that all parts of it do not act alike. Further, the struc- 
ture itself is tied together so closely that stress in one portion may be 
modified or assisted in an unknown amount by another portion, which 
may not be thought to affect it. The modulus of elasticity of the con- 
crete in the structure is not easily determined. The load-deformation 
diagrams may be irregular and imperfect. This all means that care 
must be taken in the interpretation of results and that some irreg- 
ularities and uncertainties must be expected. With careful work im- 
portant information will be brought out, as these tests show, and an 
accumulation of data on the action of structures, and tests of special 
features of construction will advance knowledge of structural action and 
be worth many times the cost of the work. 


Il. Tue Testine or Buriprines. 


5. Building Tests Made.—The number of building tests in which 
deformations have been measured is comparatively small. A list is here 
given of all known tests on reinforced concrete building floors in which 
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deformations in the steel and the concrete have been measured. The 
methods used in all these tests are essentially the same; they have been 
developed at the University of Illinois Engineering Experiment Station. 
Fig. 1 shows the range in size of the test areas in the buildings tested. 


Deere and Webber 


Building Building 


\ Powers 


Wenalden Building Carketon Building 


Turner-Carter Bulaing 


Fig. 1. DRrawine SHOWING RELATIVE S1zES oF TESTs. 


Tests have been made on steel structures by the U. S. Bureau of Stand- 
ards using methods somewhat similar to those here described, but as this 
bulletin is concerned primarily with the results of tests on reinforced 
concrete floor systems specific mention of the tests by the Bureau of 
Standards is omitted. 

Test No. 1. Deere and Webber Building, Minneapolis, Minnesota, 
October and November, 1910. Flat slab floor with four-way reinforce- 
ment, built by Leonard Construction Company of Chicago, and tested 
by co-operation between the contractors and the Engineering Experiment 
Station of the University of Llinois. 

Test No. 2. Wenalden Building, Chicago, Illinois, June and July, 
1911. Beam and girder building constructed by Ferro-Concrete Con- 
struction Company of Cincinnati, and tests made by co-operation between 
the National Association of Cement Users, the construction company, 
and the Engineering Experiment Station of the University of Ilinois. 

Test No. 3. The Powers Building, Minneapolis, Minnesota, July and 


-_ - Cee 
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August, 1911. Flat slab floor with two-way reinforcement, built and 
tested by Corrugated Bar Company of St. Louis. 

Test No. 4. Franks Building, Chicago, Illinois, August, 1911. Flat 
slab floor with four-way reinforcement, built and tested by Leonard Con- 
struction Company of Chicago. Prof. W. K. Hatt of Purdue Univer- 
sity was employed as consulting engineer for this test. 

Test No. 5. Turner-Carter Building, Brooklyn, New York, Septem- 
ber, 1911. Beam and girder floor, built by Turner Construction Company 
of New York; test made by co-operation between National Association of 
Cement Users, the construction company, and the Engineering Experi- 
ment Station of the University of Illinois. 

Test No. 6. Carleton Building, St. Louis, Missouri, October, 1911. 
Flat slab floor with two-way reinforcement, built and tested by Corru- 
gated Bar Company. 

Test No. 7. Barr Building, St. Louis, Missouri, December, 1911. 
Full size test panel (25 x 26 ft. 9 in.); terra-cotta tile used to lighten 
construction ; consists of two-way T-beams with web between tile on ten- 
sion side and concrete flange above the tile on the compression side. 
Panel built by the Corrugated Bar Co. to demonstrate efficiency of 
design proposed for Barr Building in St. Louis; test made by Corrugated 
Bar Company. 

Test No.8. Ford Motor Building, Detroit, Michigan, February and 
March, 1912. Flat slab floor, built and tested by the Corrugated Bar 
Company. 

Test No. 9. Larkin Building, Chicago, Illinois, August, 1912. Flat 
slab floor, built and tested by Leonard Construction Company. 

The Deere and Webber Building test was undertaken to learn of the 
general action of the flat floor slab. The tests on the Wenalden Building 
and the Turner-Carter Building were made to find the general action of 
the beam and girder type of construction. The tests made by the Corru- 
gated Bar Company were for their own information but the results of 
the tests on the Powers Building and on the Barr Building test panel 
were presented before the Eighth Annual Convention of the National 
Association of Cement Users. Those of the Carleton Building and the 
Ford Motor Building were in the nature of investigation of special 
features of design. The Franks Building test made by the Leonard 
Construction Company was an investigation to obtain a basis for making 
provision in the Chicago building code for this form of construction. 
The Larkin test was the most extensive of those enumerated and was 
made with the object of furnishing the Leonard Construction Company 
with additional information for the design of flat slab floors, 
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6. Definitions.—In the following descriptions of tests, many terms 
will be used for which somewhat arbitrary definitions will need to be 
made. These definitions are given here: 

Gauge Hole: A small hole (0.055 in. is here recommended) drilled 
into the steel bar or into the plug inserted in the concrete has been termed 
a gauge hole. It is for the admission of the point of a leg of the ex- 
tensometer. 

Gauge Line: The gauged length connecting a pair of gauge holes is 
termed a gauge line. 

Reading: A reading is a single observation on any gauge line. 

Observation: An observation as here used is the average of a number 
of readings. 

Correction: A correction is the amount which if added algebraically 
to the observation will give the observation which would have been ob- 
tained if the instrument had not changed from its reference length. 

Series of Observations: A set of observations on all gauge lines or 
on a selected number of gauge lines at a given load and taken in an estab- 
lished order is termed a series of observations. 

Interval: An interval as used here is the time elapsing between con- 
secutive observations, and all intervals in any series are (for lack of more 
exact information) assumed to be equal. For this purpose the average 
of two consecutive observations on standard gauge lines is considered 
a single observation. 

Standard Gauge Inne: Changes in the temperature of the instrument 
always occur in the course of a test. Frequently these changes are suf- 
ficient to cause an appreciable change in the length of the instrument. 
These and other small changes (usually unaccounted for) in the length 
of the instrument will introduce errors into the results unless the nec- 
essary corrections are applied to the observations. For the purpose of 
determining what these corrections should be, it is necessary to have 
reference to the standard bar may be understood to signify the standard 
constant as possible. This gauge line is termed a standard gauge line. 
Usually it is placed on a steel bar separate from the structure, and this 
has given rise to the term standard bar. In several of the tests, however, 
the standards have consisted of gauge lines placed in the steel and con- 
crete of the structure remote from the area affected by the load. Stand- 
ard gauge line is adopted, therefore, as the more general term and any 
reference to the standard bar may be understood to signify the standard 
gauge line on a bar separate from the structure. 

Reference Length and Reference Observation: In order to deter- 
mine changes in length of instrument it is necessary to make comparison 
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of all observations on the standard gauge line. To facilitate this com- 
parison the length of the instrument at the time of some reference 
observation on the standard may be chosen as a reference length. A 
comparison of all other readings on the same standard gauge line with 
the reference observation chosen will show whatever variation there is in 
the length of the instrument. For convenience the first observation on 
the standard gauge line has been assumed as the reference observation. 
The length of the instrument at the time of this observation will then 
be known as the reference length. 

7. General Outline of Method of Testing.—After determining what 
measurements will best give the information desired from the test, the 
gauge lines are laid off on the surface of the concrete and small holes 
are cut or drilled in the concrete at a predetermined distance apart in 
order to expose the steel or allow a metal plug to be inserted, according 
as the measurement is of steel deformation or concrete deforma- 
tion. The metal plugs used are securely held in place by embed- 
ment in plaster of paris. The gauge holes having been carefully 
prepared, a set of zero observations is taken on all gauge lines, 
an increment of the loading material is then applied and a sec- 
ond series of observations on the gauge lines is taken. The differ- 
ence between the two observations on the same gauge line represents 
the deformation in that gauge line. It is possible that this appar- 
ent deformation may be due partly to temperature changes in the instru- 
ment instead of stress changes of the material by reason of applied load. 
For this reason reference measurements are made on standard un- 
stressed bars made of invar steel which has a very low coefficient of ex- 
pansion and whose change in length due to change in temperature would 
therefore be very slight. From these readings on the standard bar, tem- 
perature corrections are computed as shown in a later paragraph and 
applied to the observations in order to determine the actual change in 
length of the gauge line. Another increment of load is then applied and 
another series of observations taken. 

Floor deflections also have been measured in all of these tests, but 
they have been considered as of secondary importance. They have been 
used to throw light on the correctness or incorrectness of the deformation 
readings and to gain some idea of the general distribution of stresses 
throughout a floor. Apparently they can be depended upon to show with 
considerable accuracy the proportional rate of increase of stress, but 
deflection formulas are so imperfect that measurements of deflections can 
not be depended upon to give actual values of stresses. 

Measurements of dimensions such as span, depth of beams, location of 
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observation points, weight of loading material, location of cracks and 
any other measurements which are of value in working up results are 
carefully taken. 

The gauge lines are usually distributed over and under the surface 
of the floor tested in order to gain an idea of the changes occurring in 
different parts of the structure. The statements in the preceding para- 
graphs give in general terms the features of a field test. There are 
many difficulties to be overcome and many chances for error. The meth- 
ods of overcoming the difficulties and avoiding the errors will be dis- 
cussed in the following pages. Most of the statements there made rep- 
resent the results of experience on building tests. 

8. The Planning of a Test.—Each test made will involve individual 
consideration of the choice of area to be loaded, the number and loca- 
tion of gauge lines and deflection points, the number of laborers re- 
quired, the loading material to be used and its distribution, and the 
provisions for storage of the loading material near the test area without 
appreciably affecting the stresses which are to be measured. Other mat- 
ters will come up for consideration but generally different solutions will 
be required for each test. 

The area to be loaded should be chosen so as to fulfill the following 
conditions as completely as possible. 

(a) It should be so located as to give conditions in the beams, slabs, 
columns, etc., as severe as will be found anywhere in the building when 
in use, 
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(b) It should be free from irregularities of construction. 

(c) It should be as free as possible from disturbances by workmen. 

(d) It should be as easily accessible to the loading materia] as 
possible. 

In most cases some limitation is found on part or all of the conditions 
named. For example, in the test of the Wenalden Building it was im- 
possible to find an area entirely free from irregularities of construction. 
An industrial track crossed one of the panels chosen, and the floor was 
thicker immediately under this track than at other places. On the edge 
of one or two of the panels tested, beams about an inch deeper than the 
regular beams were located. However, none of the measurements as- 
sumed to give typical results were taken in these panels, and it is believed 
that the stresses in the other panels were not affected appreciably by the 
irregularities. Again, in the test of the Franks Building it was not 
possible to choose a lower floor convenient to the loading material. The 
choice of an upper floor fulfilled one of the conditions mentioned—it 
gave a much more severe test of the columns than a test on a lower floor 
would have done. Also, in the test of the Carleton Building at St. Louis 
the area to be tested was specified by the city building department, and 
there was no choice as to location, on the part of those making the test. 

The number of measurements to be taken will depend upon the na- 
ture of the test, the number of observers, and the number of laborers. 
If the test is a part of a series by which it is expected to gain scientific 
information which will afford a basis for design, it is likely that it will 
be made deliberately enough that a large number of measurements may 
be taken. Such tests were those of the Wenalden Building, the Franks 
Building, the Turner-Carter Building and the Barr test panel. If, on 
the other hand, the test has more of a commercial nature or is a utiliza- 
tion of the opportunity offered by the acceptance test to take some meas- 
urements which will show actual stresses, or if for any other reason the 
test is hurried, the number of measurements will necessarily be rather 
small. Of this class, the tests of the Carleton Building in St. Louis and 
of the Ford Motor Building in Detroit, Michigan, are good examples. 
Notice was given the engineers only about one day in advance that a test 
would be made on the Carleton Building. Permission was obtained from 
the contractor to expose bars for measurement in various places and to 
erect the necessary scaffolding. The measurements were made more for 
the purpose of checking the analysis upon which the design was based 
than to form in itself a basis of design. Therefore comparatively few 
observation points were used. It is believed that this test is representa- 
tive of the type of test which is practicable on a commercial basis, hence 
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(by courtesy of the Corrugated Bar Company) a plan is given in Fig. 2 
showing the points where measurements were taken. 

The principal subjects for investigation in any test will determine 
the arrangement of observation points. Whatever the subject of 
study may be, the observation points should be arranged in such a 
way that a curve of deformations may be plotted against distance, 
showing a gradual progression from the condition at one part of the 
structure to the condition at another, for it is found that even under 
the most careful work there are inconsistencies which will make the 
results look doubtful if standing by themselves. The points so ar- 
ranged should be numerous near the place where the measurements of 
greatest importance are to be taken, so that the results will not de- 
pend upon measurements at a single point, or upon the average at 
portions of the structure supposed to be similarly situated but in dif- 
ferent parts of the building where unknown conditions actually may 
cause a large variation in the phenomena of the test. It will not be 
possible to carry out this plan for all subjects of investigation, as the 
number of observations required usually would be impracticably large. 
Such provisions may be made to cover the main lines of investigation, 
and isolated observation points may be used to gain information as to 
tendencies of other portions of the structure, but of course less reliance 
must be placed on the results of the latter measurements than where the 
larger number of observations is made. It would be advantageous, as 
was done in the Powers Building test and also in the Barr panel test, for 
two observers to check measurements on the same points. One or both of 
these checks is very valuable in establishing the correctness of observa- 
tions. Fig. 3, 4, 5, and 58 illustrate the former method. Fig. 3 gives 
the load-deformation diagrams for a series of gauge lines in the test of 
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the Powers Building. Fig. 4 shows the location of these gauge lines with 
reference to the wall and a column. Fig. 5 shows the same data plotted 


as deformation against distance from the column instead of against loa 


d. 


It may be seen that the correctness of the load-deformation curve for one 
of these points, if standing by itself, might be doubted because of the 
complete change in the character of the curve at a load of 200 lb. 
per sq. ft. But when these deformations are plotted against dis- 
tance, the results look so consistent that it is scarcely conceivable that 
they are seriously incorrect. In the test of the Wenalden Building very 
high compression deformations were observed in the beams near the sup- 
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ports. As this was the first test of a beam and girder floor it was con- 
sidered especially important that in the next test, that on the Turner- 
Carter Building, evidence be obtained which would give additional 
information bearing on this high compression in the concrete; accord- 
ingly the method of placing observation points at frequent and regular 
intervals along the ends of the beams was used. The deformations meas- 
ured are plotted in Fig. 58, p. 80, against the distance from the supporting 
column, and the results not only tend to show the correctness of these 
measurements but also to indicate that the high stresses observed in the 
beams of the Wenalden Building were actually present. 

The subjects for investigation will vary largely in different tests. In 
the tests discussed in this bulletin deformations have been measured 
with a view to obtaining information on each of the following subjects: 

(a) The values of the coefficients of bending moment at the center 
of the span and at the support of the beam or slab under investigation. 

(b) Relative moments at support for various conditions of fixedness. 

(c) ‘The extent to which the floor slab acts as a compression flange 
of the floor beam to produce T-beam action. 

(d) Bond stresses. 

(e) Diagonal tension. 

(f) Stresses in columns. 

(g) Time effect under constant load. 

(h) The lateral distribution of stress to parts of the structure en- 
tirely outside of the loaded area. 

(i) The extent to which steel stresses are modified by errors in the 
assumption that no tension is carried by concrete. 

(j) Stresses in slabs of beam-and-girder floors. 

(k) Relative stresses in short and long directions of rectangular 
panels. 

Other subjects of investigation have received attention but those men- 
tioned above are the most important ones. Some phenomena have been 
observed which bring out additional problems. Of these the determina- 
tion of the amount of arch action present is probably the most important. 

It is not to be expected that the moment coefficients can be determined 
with absolute accuracy. The method used has been to measure deforma- 
tions on both steel and concrete at the center and supports of the beams 
and from these measurements to determine the total resisting moment 
developed at the given section. Equating this resisting moment to the 
bending moment kWI (where k& is the bending moment coefficient), a 
solution is made for the value of &. Arch action, tension in the concrete 
and the sharing of bending moment by adjacent beams complicate the 
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problem. It is suggested that the amount of arch action may be deter- 
mined in any case by making a special study of the deformations in a 
cross-section at the mid-span of each beam and on the floor slab across 
an entire panel. In this study, deformations should be observed on the 
steel and at various elevations on the concrete so that the position of the 
neutral axis and of the center of gravity of tensile and compressive 
stresses respectively may be accurately determined. By this means it 
should be possible to determine if the sum of the compressive stresses is 
in excess of that of the tensile stresses. If so, the difference apparently 
must be the direct thrust due to arch action. A second section may 
profitably be taken at or near the point of inflection. The same study 
can be made, though not so satisfactorily, at the ends of the beams. The 
measurements for thrust will require observations on an extremely large 
number of gauge lines, and the observations must be extended far enough 
into the adjacent panels to determine the extent to which they share in 
carrying the load. 

9. Preparation for the Test.—In all of these tests it was necessary 
to cut holes in the concrete in order to expose the steel. Fig. 4 
shows holes cut in the concrete of the Powers Building where a series of 
measurements was taken on a rod which passed through a column. This 
cutting has been best accomplished by the use of a cold chisel with a 
very gradually tapering point. This work is a task for common laborers 
and a long one for inexperienced men. It has been found that a great 
deal of speed can be developed by practice, hence the importance of com- 
pleting this part of the work with a single set of workmen. 

A saving in mutilation of floors often can be effected by planning the 
test ahead of time and inserting plugs in the concrete during construction 
in the proper position for the gauge lines. Removal of the plugs after 
the concrete has set exposes the steel without the use of a cold chisel. 
Likewise metal plugs may be set in the concrete at the proper positions 
for the measurement of concrete stresses and thus save cutting into the 
concrete to place compression plugs. The point has been raised that by 
preparation of this kind a chance is given to the contractor to know what 
panels are to be tested and thus to make the construction of that panel 
better than others. For this reason there is room for question as to the 
advisability of using this method. Its employment will depend largely 
on the purpose of the test and on the conditions under which it is made. 
In most of the tests under consideration this point has been taken care 
of by the fact that it was not known until shortly before the test what 


area was to be loaded. 
Drilling of the gauge holes will be discussed in article 14. 
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An elevated platform which will enable the observer to get close 
enough to the floor above to take observations of deflection and deforma- 
tion is necessary. This should be supported at such a height that 
when the observer stands upon it the points where measurements of 
deformation are to be taken will be about one inch above his head. For 
flat slab construction this condition is easily obtained (see Fig. 6), 
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but with beam and girder construction where there are measure- 
ments on beams, girders and the floor slab, the heights of different gauge 
lines vary so much that arrangement will need to be made for building 
certain parts of the platform higher than others (see Fig. 7). 
It is important that the elevation of the platform should be such that 
the observer can stand erect while taking the readings, and yet such that 
the instrument will not be too high for convenient and accurate 
observation. 

Another framework for the purpose of supporting deflection appa- 
ratus under the points where measurements of deflection are to be taken 
is also necessary. In order that the movements of the observers upon the 
observation platform may not jar the deflection apparatus, the two frame- 
works must be built independently of each other. In all the tests which 
have been made, these deflection frames have stood on the floor and have 
been braced from one to the other in-order to make a comparatively rigid 
framework. Fig. 6 shows scaffolding and deflection frames for the 
Franks test. 
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The equipment necessarily will consist of the following: cutting and 
drilling tools, portable lamps for throwing light into observation holes, 
note books and facilities for doing drafting and for reducing data. 

The cutting and drilling tools are sufficiently described in other 
paragraphs. 

Some kind of a portable light is a necessity as gauge lines are often 
located in dark corners and as observations may be taken at any hour of 
the day or night. The lamp shown in the photograph of Fig. 16, p. 29, 
is a hunter’s acetylene lamp and is quite satisfactory. The lamp is at- 
tached to the forehead and light may be thrown in various directions 
according to the setting of the clamp attachment. The acetylene tank 
may be attached to the belt or carried in the pocket. 

Loose leaf note books should be provided in which the sheets are as 
large as conveniently can be handled and filed. The data sheets shown 
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in Fig. 26, p. 44, are very conveniently ruled in hectograph ink and 
copied by means of a hectograph. Printed forms might be used, de- 
pending on whether the number required would justify the expense of 
having them printed. 

For the most efficient work in computing results and making sketches 
for records, it is important that an adequate place be provided where 
quiet may be had, where benches and drafting tables may be used and 
where instruments and other equipment may be kept. The photograph 
in Fig. 8 shows the temporary office which was provided in the 
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Turner-Carter Building test. This is one of the portable office shanties 
which the company moves to places where work is being done. The 
photograph shows the interior of the office with the observers and re- 
corders at work reducing the data of the test. This added equipment will 
add only slightly to the cost of the test but very greatly to the efficiency 
of the work. Special attention is called to it because the office is an im- 
portant piece of equipment and it has not always been provided. 

10. Loading.—In the tests which already have been made, the fol- 
lowing loading materials have been used: brick, cement in bags, loose 
sand in boxes or bins, sand in sacks and pig iron. The materia! used 
will almost always be that which is most easily available, because the 
moving of loading material from any distance adds very greatly to the 
cost of the test. Leaving consideration of cost out of the question, sand 


— 
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in sacks seems to be the most satisfactory of the materials above men- 
tioned for loading purposes. Some of the qualities of the materials 
mentioned are as follows: 

(a) Brick: Brick spalls and chips in handling, covering the floor 
with dust and jagged particles which cause discomfort to the observer in 
kneeling to take observations. It is important to avoid this because dis- 
eomfort necessarily decreases the accuracy of his observations. This 
might be avoided by sweeping, but in sweeping it is difficult to avoid 
getting dirt into holes where observations are to be taken, and this is 
just as troublesome as having the dirt on the floor. Fig. 31, p. 50, a 
photograph of the Wenalden test, shows the use of both brick and cement 
in the same test. Attention is called to the proximity of the cement sacks 
to the beams and girders of the floor above. In some cases if cement and 
brick were used the intensity of the load would be limited by the height 
of the ceiling. 

(b) Cement: Cement sifts through the sacks and the sacks become 
untied, scattering cement on the floor, filling observation holes and caus- 
ing much dust in sweeping or cleaning up. The dust is injurious to 
delicate instruments and annoying to observers and recorders. 

(c) Loose Sand in Small Boxes: As sand is usually damp, it does 
not have the fault of causing dust, and consequently is more easily 
cleaned up than the other materials mentioned. There are, however, 
other objections to it. In filling boxes it is difficult to avoid spilling the 
sand around and between the boxes, and consequently filling the observa- 
tion holes. On account of the great difficulty in removing loose sand 
without spilling a great deal of it, it is impracticable to take observa- 
tions as the load is being removed, therefore it is necessary to remove in 
one increment the whole load from a given panel. Fig. 46, p. 68, is a 
photograph of the Turner-Carter test and shows this method of loading. 

(d) Sand in Sacks: Sand in sacks constitutes a very satisfactory 
loading material. An example of its use is shown in Fig. 9, a photo- 
graph of the test of the Barr Building test panel. It was piled up 
to a height of about nine or ten feet, and very little inconvenience was 
caused by the sacks coming untied or by spilling the sand. The worst 
difficulty encountered, and this exists with all materials handled in sacks, 
is that of the sliding of sacks on themselves when the load is piled high. 
Tt can be seen in Fig. 9 that bracing was necessary to prevent the sand 
from sliding together and filling up the aisles. It is a source of danger 
to those taking observations as, if a slide should occur, it probably would 
give very little warning and might catch the observer while in such a 
position that he could not escape. However, this objection would hold 
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with any material when piled as high as was that in this test. Under 
any circumstances it is necessary that care be taken and undue risks 
avoided. 

(e) Pig Iron: Pig iron was used as loading material in the test of 
the Franks Building (see Fig. 10). From the standpoint of the 
making of the test, the worst objection to it is that, as with the brick, 
small particles break off and cause annoyance to observers. This is 
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less troublesome than with brick and in other ways pig iron is clean. It 
possesses the great advantage that with its use a very heavy load can 
be applied without piling the load extremely high. 

Tin plate in boxes two feet square, each weighing 200 pounds, was 
to have been used in a building test. A more nearly ideal loading ma- 
terial would probably be hard to find, but unfortunately this test could 
not be carried out. 

The intensity of the loading will depend mainly on the load for 
which the building was designed. It will not be possible to make the 
load absolutely uniform, as aisles usually will be necessary for the pur- 
poses of (a) convenience in placing the load, (b) access to gauge lines 
for the taking of observations, and (c) the prevention of arching in the 
loading materials. It has been found that it is difficult to cover more 
than about 75% of the actual area of the floor, and in many cases less 
than this will be covered. Hence in computing the probable height of 
the load this fact must be taken into consideration. 

Aisles should be so placed that the load, even though partly carried 
by arching of the material, will cause stresses in the floor which approx- 
imately are equal to, and always as severe as, those caused by an 
actual uniform load. Fig. 11 shows the moment and shear diagrams 
which would be obtained by loading a simple beam with a total load W 
distributed over the span in three different ways, as follows: 

(a) Solid Line: Total load W, uniformly distributed over full span. 

(b) Broken Line: Same load W distributed over one-half of span, 
giving aisles of equal width at center and support. 

(c) Heavy Dotted Line: Same load W distributed over one-half 
span, half of load being carried by arch action to ends of boxes (shown 


here as concentrated loads, ~-), and the other half being uniformly dis- 


tributed over the half span. 

It will be possible in almost any test to arrange the loading ma- 
terial in such a way as to come within the limits outlined by the three 
arrangements of load assumed in the preceding illustration, and it is 
seen that if this is done, the presence of the aisles or of arching to the 
sides of the boxes or piers, while not affecting the amount of the maxi- 
mum moment and the maximum shear, would tend to cause them to 
exist over greater portions of the span than would be the case with an 
equal uniform load. In this figure aisles equal to one-quarter of the span 
have been assumed. In no case would they be as large as this, and 
therefore the moment and shear diagrams actually should conform even 
more nearly to those for uniform load than is shown in the figure, 
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Arrangement should be made, if possible, to store the loading ma- 
terial near the test area in order to hasten the work of applying the load 
after the test begins. The general rule has been to allow loading material 
to be stored as close as one full panel length from the test area, but the 
intensity of the storage load has been kept down as much as possible. 

The number of laborers which can be used advantageously will de- 
pend upon the distance of the point from which the loading material is 
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to be transferred, upon the size and accessibility of the tested area, upon 
the amount of work which can be done by them during the intervals be- 
tween increments of load while observations are being taken, and upon 
the length of time required to take a series of observations. The direc- 
tion of the labor should not be left to the one in charge of the test, if it 
can be avoided, since proper attention to the conduct of the test demands 
all of his time. In the tests included in this bulletin the number of la- 
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borers has varied between wide limits, from 5 or 6 in the Powers test to 
30 or 35 in the Deere and Webber test. 

11. Haxtensometers.—In the past the great obstacle to the measure- 
ment of deformations in building tests has been the difficulty of attaching 
the measuring instruments to either the steel or the concrete on the flat 
surface of a floor, and recent tests show the necessity of making measure- 
ments of steel deformation directly on the steel. A satisfactory method 
of accomplishing this has been provided by the introduction of the ex- 
tensometer invented by Professor H. C. Berry of the University of 
Pennsylvania and adapted to this work by modifications and improve- 
ments made at the University of Illinois. This instrument is similar in 
some respects to the strain gauge designed and used as long ago as 1888 
by James E. Howard, Engineer-Physicist of the Bureau of Standards, 
and until recently Engineer of Tests at Watertown Arsenal. 

The great value of this instrument in building tests lies in the follow- 
ing facts: (a) Its use makes it possible to take measurements directly 
upon the surface of the steel and concrete. (b) With its use there is no 
apparatus left in place to be damaged or disturbed during loading. 
(c) Due to the fact that it is portable, measurements may be taken in a 
large number of places with a single instrument. Measurements have 
been taken at as many as 268 points in a single test. If fixed instruments 
were used this would call for an outlay of from $2500 to $5000 for 
instruments and the impossibility of keeping so many instruments in 
adjustment under testing conditions would render their use im- 
practicable. 

Fig. 12 shows the Illinois extensometer in its present form.* Any 
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*Another form has been devised since the manuscript for this bulletin was prepared and this 
newer extensometer is now in use in laboratory tests. 
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movement of the point B due to a change in the length of the gauge line 
is transmitted to the Ames gauge through vertical movement of point C, 
by means of the leg BD and the arm DC pivoted at D. The Ames gauge 
is sensitive to a movement at O of .0001 inch. The ratio of the length 
CD to the length BD is approximately five and the Ames gauge is thus 
sensitive to a movement at B of .00002 in. (.0001 inch ~ 5). How- 
ever, this must not be taken to mean that the extensometer possesses this 
degree of accuracy in measuring stresses, since some movement of the 
point of the leg at B is certain to result from variation in the handling 
of the instrument. 

To obtain the exact ratio between movements at points B and C the 
instrument is calibrated by means of a Brown and Sharpe screw mi- 
crometer. For known movements of the point B readings of the Ames 
gauge are taken and a calibration curve plotted for the entire range of 
the instrument. 

The first instrument of this type built by the Engineering Experi- 
ment Station of the University of Illinois was made for the Deere and 
Webber test. It was designed by Professor H. F. Moore and Mr. A. R. 
Lord, and was like the instrumeut in use at present except that it had a 
15 in. gauge length and was made entirely of steel. Later on in making 
the instrument for general use aluminum was substituted for steel in 
order to reduce its weight and the gauge length was made variable from 
6 in. to 11 in. Since then several minor changes have been made. The 
legs have been made stiffer in order to reduce the error due to uncon- 
sciously applied longitudinal thrust and the points have been made 
sharper in order to reduce the pressure required in seating the instru- 
ment. These improvements have considerably reduced the probable error 
of observation. 

The extensometer loaned by Professor Berry to the University of 
Tllinois in 1910 for use as one of the instruments in the Deere and Webber 
test is shown in Fig. 13. It differed from the Illinois instrument in that 
the movement of the multiplying arm was measured by means of a screw 
micrometer instead of the Ames gauge head, the point of contact of the 
micrometer plunger and the lever arm being determined by means of a 
telephone apparatus. The screw micrometer and the frame of the ex- 
tensometer were insulated from each other and were connected with the 
poles of a small battery by means of copper wires. A contact between 
the plunger of the screw micrometer and the multiplying lever completed 
the circuit and the current set up produced a vibration of the diaphragm 
of the telephone apparatus carried on the head. This method of observa- 
tion was very slow and the electrical connection got out of order very 
easily. 
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Fig. 13. OriginaL Berry EXTENSOMETER IN Usp. 


The use of the Ames gauge head (instead of the screw micrometer 
and telephone apparatus) adopted by Professor Moore in the instrument 
used in the Deere and Webber test has greatly facilitated the use of the 
extensometer. The legs of this instrument also were made longer in order 
to adapt it to the measurement of deformations of steel embedded in con- 
erete. Both of these modifications later have been used by Professor 
Berry in instruments which he has put upon the market. 

The extensometer more recently designed by Professor Berry is shown 
in Fig. 14. It is not different in principle from the one just described. 


Fia. 14. New Berry ExTeNSOMETER. 


It differs from the Illinois instrument in the following details: (a) 
Instead of having a uniformly variable gauge length ranging from 6 in. 
to 11 in., it has two fixed gauge lengths of 2 in. and 8 in. respectively. 
(b) The instrument shown here has a multiplication ratio of two be- 
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tween leg and arm, and in order to make this ratio five (as in the Ilh- 
nois type) it is necessary to use a leg which is only one inch long. With 
this arrangement the instrument cannot usually be used for measuring 
deformations in reinforcing bars in place, owing to their depth of em- 
bedment. (c) The framework of this instrument is of invar steel or of 
aluminum. While invar steel makes the weight somewhat greater than 
that of the aluminum instruments, it has the advantage of reducing the 
dependence on an invar steel standard bar and the study of the effect of 
temperature changes in the steel and concrete of the structure is accom- 
plished with greater ease. 

Mr. F. J. Trelease of the Corrugated Bar Company has designed an 
instrument of the Berry type and has used it in at least one test. This 
instrument, shown in Fig. 15, also has as its main feature a multiplying 


Fic. 15. ExtTmNsoMETeR DESIGNED BY I’. J. TRELEASE. 


lever which actuates the plunger of an Ames gauge head. The prin- 
cipal difference between this instrument and the one shown in Fig. 12 
is that the multiplying lever is vertical instead of horizontal. Results 
have been obtained with it which do not differ much as to accuracy 
with those of the Illinois type of instrument. 

12. Standard Bar.—The necessity for a standard bar was first found 
in the test of the Deere and Webber Building. Variation in tempera- 
ture was sufficient to cause a change in the length of the instrument as 
great in many cases as that in the reinforcing steel due to the applied 
load. Hence it was found necessary to make observations on an un- 
stressed standard bar to show any temperature changes in the length 
of the instrument. In this test a bar of about 54-in. steel was used 
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as a standard. It was protected from rapid temperature changes by 
embedment in plaster of paris, and was kept on the floor where the test 
was being made. In this way it was expected to make the change in 
the length of the standard bar due to temperature variations about 
equal to the change in length of the reinforcing steel due to the same 
cause. To some extent this purpose was accomplished, but as the plaster 
covering was thin and not very dry, the change in the standard bar must 
have been much more rapid than that in the reinforcing steel. In the 
test of the Wenalden Building and of the Barr test panel, precautions 
were taken to embed a standard bar in concrete. This was done also in 
the tests of the Powers Building and of the Franks Building, and in 
addition standard gauge lines were established in parts of the floor not 
affected by the load. In the Turner-Carter test only the latter method 
was used. These standard gauge lines have been placed both on the re- 
inforcing steel and in the concrete. Fig. 16 shows the taking of an 


Fic. 16. Turner-Carter Burtpinc Test; TAKING AN OBSERVATION ON A 
SranparRp GAUGE LINE. 


observation during the Turner-Carter test on a standard gauge line. The 
standard gauge line is located in a part of the floor entirely away from 
the loaded area. 
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The greatest development in the use of the standard gauge line has 
been in the frequency of reference to it and in the development of an 
exact system for the calculation of temperature corrections. It was 
noted previously that a steel extensometer was used in the Deere and 
Webber test but that in the subsequent tests an aluminum instrument 
was used. Since the coefficient of expansion for aluminum is almost 
twice that for steel, it is apparent that dependence on a standard must 
have been of still greater importance in the later tests. Difficulty was 
found in interpreting the notes taken on the Wenalden test, but the 
greater dependence on the standard gauge line and the more systematic 
use of it since then has very largely overcome this difficulty. In the test 
of the Larkin Building standard bars of invar steel were used. Invar 
steel has a very low coefficient of expansion and its use as a standard 
bar makes it possible to eliminate from the measurements almost all 
the effects of temperature variation in the extensometer. If it is desired 
to determine how great are the temperature effects, a standard gauge line 
can be placed in the floor as before in such a position as not to be 
affected by the floor load. 

It has been the practice in the more recent building tests for each 
observer to make observations regularly on two standard gauge lines. 
This is dove in order that one may form a check on the other. If only 
one standard were used, a large accidental change in the readings due 
for instance to sand in the gauge holes might be mistaken for a tempera- 
ture effect. If two standards are used, such an accidental change as the 
above seldom would be the same in both, and the error would be de- 
tected. An accident to the instrument would probably cause the same 
change on both standard gauge lines and the use of the two standards 
would not help to detect this kind of an error. However, such errors 
are usually so large as to be apparent in a reading of the standard gauge 
line and are infrequent as compared with errors due to dirt in the 
gauge holes. 

13. Deflection Instruments.—In the building tests referred to in this 
discussion deflection instruments of two types have been used, one being 
that used by the Illinois Engineering Experiment Station and the other 
that used by the Corrugated Bar Company. The former consists of a 
screw micrometer head of 1-in. travel, connected in tandem with 
an Ames gauge head micrometer of 34-in. travel. The screw micrometer 
is designed to cover large variations in deflections and the Ames gauge 
head small ones. The Ames gauge head shows an increase in reading 
for a decrease in length of the deflection instrument, and a screw mi- 
crometer head, as ordinarily constructed, would show a decrease in read- 
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ing for a decrease in length. Thus to obtain an observation which in- 
volves the readings of both the Ames gauge head and the screw microme- 
ter head it is necessary to take the difference of these readings, but in 
making calculations a sum is much more easily and accurately handled 
than a difference. To permit addition, the graduation on the screw 
micrometer head used in this deflection instrument has been reversed 
so that it shows an increase for a decrease in length, just as with the 
Ames gauge head. Fig. 17a shows this deflection instrument and also 
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Fig. 17. (a) DernectomMETER; UNIVERSITY oF ILLINoIs Typx. 
(b) DEFLECTOMETER USED IN CorRUGATED Bark Company’s TESTS. 


the method of using it. A plate having a ¥4-in. steel ball attached is 
plastered to the surface, deflections of which are to be measured. A 5£-in. 
bolt, which has a steel ball inserted into its upper end, is set into a 
wooden block (part of the deflection framework) in such a way that 
its elevation can be adjusted to give any desired zero reading of the 
deflectometer. Thus at the beginning of a test all the zero deflection 
readings can be determined, so that for a considerable length of time 
all the change in deflection will be shown on the Ames gauge without 
any change of the screw micrometer. As larger changes take place, a 
second setting of the screw micrometer will probably be necessary. The 
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great advantage of this instrument is the rapidity with which it can 
be used. It has been found to work very satisfactorily in most respects. 

The deflection instrument used by the Corrugated Bar Company is 
shown in Fig. 17b and consists of a screw-micrometer depth-gauge by 
means of which distances for varying loads are measured between the 
stationary frame and a point on the beam or floor slab. It has the ad- 
vantage of a much larger range of measurement than is found in the 
Illinois instrument. In the Barr panel test a gross deflection of more 
than 3 in. took place. As the Illinois type of deflectometer has a range 
of only 134 in., it could not have been used in this test. This amount of 
deflection, however, is more than would be likely to occur in the test 
of a building. The disadvantage of the Corrugated Bar Company in- 
strument is that it requires a longer time to make an observation than 
does the deflectometer previously described. 

14. Hxtensometer Observations.—In obtaining el results with 
this type of extensometer, a great deal depends upon careful manipula- 
tion. Two things which are of great importance in this respect are (a) 
the preparation of the gauge holes, and (b) care and experience in the 
use of the instrument. 


Fie. 18. Turner-Carter Buitpine Test; Instruments anp Too.s. 
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The placing of the gauge holes so they will come within the range, 
of the extensometer is best accomplished by the use of some kind of gauge 
marker such, for instance, as is shown in Fig. 18. In the work of the 
Illinois Engineering Experiment Station the holes are drilled with a 
No. 54 drill (.055 in. in diameter). At the beginning of the use of the 
Berry extensometer a number E countersink drill (approximately 
3/.. in. in diameter) was used; but a smaller one seems to be better, 
because it is easier to get the properly finished hole, because a slight 
eccentricity of the gauge holes on the reinforcing rod (see Fig. 19) 
causes less error in manipulation of the extensometer when a small 
drill is used, and because, in the case of measurements on small rods, 
the 3/,,-in. drill cuts away a large percentage of the steel in the rods. 

A breast drill geared so that one revolution of the crank gives about 
4% revolutions of the drill had been used previously. In the hands of 
-a skilled workman very satisfactory work can be done in this way, but 
where, as quite frequently will be the case, the drilling has to be done by 
persons not familiar with this kind of work something better is needed. 
A drill driven by a flexible cable attached to a small electric motor giving 
a speed of rotation of 400 r.p.m. or more does better and more rapid 
work. Where high carbon steel is encountered fewer drills are broken, 
and when a hole is drilled a better job is usually the result. 

After drilling the holes, the edges should be finished to remove the 
burr and to round off the sharp corners. The tool shown in Fig. 19 is 


LG OF 


L£eceritric Hole Ceritral Hole 


Fic. 19. Positron anD FinisH oF GauGE HOLgs. 


designed to accomplish this purpose. Such a tool should not be a cutting 
tool but rather a wearing or polishing tool. A pointed magnet to remove 
steel dust and small fragments of steel torn off in drilling, would be of 
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use. It is hard to place too much emphasis on the proper preparation 
of gauge holes. 

Observers should be experienced in the use of the Berry extensom- 
eter before undertaking work on a field test. The chances of error in 
the manipulation of the instrument are large. As a rule the deforma- 
tions measured are small so that the error is likely to be quite a large 
proportion of the total measurement, hence it is important to reduce 
errors to the lowest possible limit. 

If the observations at zero are as reliable as other observations, a 
curve may be drawn through all the points of any load-deformation 
diagram, weighting the zero observations equally with the others; the 
zero point shown by the intersection of the most probable curve should 
then be used as the origin. This method involves waiting until the com- 
pletion of the test to draw these curves. It would be much better to 
repeat the observations at zero load several times and to give more care 
and time to their determination than is given at any other load. By 
this means a check can be had upon the action of the structure as the 
test progresses, and the construction of the most probable curve will be 
made more simple. To obtain a satisfactory zero point, then, it is 
essential that several complete series of observations should be taken with 
no load on the floor, and it would be well to repeat this through con- 
siderable range of temperature to study temperature effect on the steel 
and on the concrete. This study was attempted in the Deere and Web- 
ber test, but the changes both in instruments and in reinforcement were 
included in the measurements and could not be separated, so no definite 
conclusions could be drawn. However, with an invar steel standard bar 
or with an instrument made of invar steel these two sorts of changes 
can be separated and to some extent at least the effect of temperature 
determined. 

In taking an ordinary observation about five readings should be 
averaged. In most of the building tests which have been made, indi- 
vidual extensometer readings were recorded, but in certain laboratory 
tests and in the test of the Larkin Building the practice of averaging the 
results mentally was followed. This has given very satisfactory results 
and saves a great deal of time on a test, and with a good recorder the 
calculations can be kept up with the observations; but the practice should 
be adopted with caution and only after some experience in this kind of 
work. In the more recent building tests where individual readings were 
recorded, the practice followed in making an observation has been to 
reject all readings until five consecutive readings have been obtained 
which agree within .0004 in. These five consecutive readings then are 
averaged to form an observation. 
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Deflectometer observations’ have been sufficiently discussed in the de- 
scription of the deflectometer and will not be considered here again. 

15. Observation of Cracks.—Up to very recently the observation of 
cracks has been considered one of the most important features of a test. 
Although it is not considered so important as formerly when strains 
were not measured, if carefully done it may form a valuable check on 
the measured deformations. These observations should be made and 
recorded for zero load and at each increment of load. This is one of 
the most tedious parts of the test, and to carry it out faithfully requires 
a great deal of patience. The examination should be minute and very 
thorough. One who is not familiar with this kind of work will be likely 
to miss important indications, and careful supervision should be main- 
tained over this part of the investigation. 

Special attention has been called to observation of cracks because 
of incorrect ideas which apparently prevail with regard to them. It 
seems to be the opinion of some engineers that the type of construction 
advocated by themselves is immune from cracks. When it is remembered 
that plain concrete fails in tension at a unit deformation of about .0001, 
it is apparent that cracks must form when the stress in the steel is such 
as to correspond with this deformation, or at about 3000 lb. per sq. in. 
At this stage the cracks are often too small for detection with the 
unaided eye, but with care in observation almost always very fine cracks 
can be seen at stresses ranging between 3000 and 10000 lb. per sq. in. 
Thus to report for a floor loaded to twice the design load that no cracks 
were observed is to admit one of three things; that an excess of steel 
was used, or that sufficient care in taking observations was lacking, or 
that not all the facts of the case were reported. It should be borne in 
mind that the cracks referred to in this discussion are often extremely 
minute and usually are not visible to a casual observer. Frequently 
cracks have been traced with a lead pencil to make them distinct for 
the purpose of sketching, and it seems apparent that some persons visit- 
ing the test have mistaken these pencil marks for large cracks. At any 
rate reports have been circulated as to the existence of large cracks in 
a test where, to the writers’ personal knowledge, there were none but 
minute cracks. 

16. Accuracy of Deformation Measurements.—The ratio of multi- 
plication in the Berry extensometer is not exactly equal to the ratio of 
the length of the arm to the length of the leg, the error being due to 
the fact that the plunger of the Ames gauge head does not always travel 
in a line perpendicular to the multiplying lever. However, calculations 
show that this approximation results in an error in the measurement of 
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steel stresses equal to only about one-quarter of one per cent for an ex- 
treme case. It may be seen later that errors of observation are so large 
in proportion that this error can be neglected. 

In forming a basis for a conclusion as to the accuracy of the figures 
given out as results of tests, use has been made of the check readings 
taken by two observers on the same gauge lines and of calculated prob- 
able error of the mean of five readings. While it is possible to calculate 
with some accuracy the probable error of replacing the instrument on 
the same gauge line time after time at one sitting, it is very difficult to 
determine the error caused by gradually cramping the quarters of the 
observer as the loading material piles up. Consequently the probable 
error calculated from a number of readings taken on the same gauge 
line at different sittings will in general be larger than that calculated 
from the same number of readings if taken at a single sitting. How- 
ever, as experience develops skill in replacing the instrument at a single 
sitting, experience will also increase the consistency of results obtained 
at widely different times, and the calculated probable error will be a 
measure of relative, but not of the actual, accuracy of observation. A 
determination of errors based on independent checking by a second ob- 
server should be expected to eliminate to a large extent errors of all kinds 
and the greatest dependence should be placed on this kind of results. 

In the test of the Powers Building most of the observations taken 
were checked by a second observer and some of the results are shown 
in the load-stress curves of Fig. 20. The values shown in solid circles 
were observed by Mr. F. J. Trelease and those in open circles, by Mr. 
Slater. The zero reading for the latter is in each case at a load of 50 
lb. per sq. ft., and in order to make a direct comparison of results, all 
these curves must be set over so that their zeros coincide with the stress 
values at 50 lb. per sq. ft. of Mr. Trelease’s curves. Having made this 
correction the average variation between all the comparable points is 
about 670 Ib. per sq. in. (.0000223 unit deformation), which amounts 
to a probable error of approximately +340 lb. per sq. in. (+.000011 
unit deformation). 

Fig. 21 shows the results of a series of measurements taken in the 
same way on the upper and lower surfaces of a 4-in. by 4-in. timber beam 
loaded with sacks of sand on a 12-ft. span. The points in open circles 
represent measurements on the top surface and those in crosses on the 
bottom surface. Determined in the same way, these measurements show 
an average probable error of approximately +.000017 unit deformation. 

In Fig. 22 is given a curve which shows for each of four building 
tests the probable error of the average of five readings. Each plotted 
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point is the average of the probable errors calculated for six different 
gauge lines at a given load. What this diagram may be expected to 
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show is the improvement in results with increased experience rather than 
the actual value of the probable error. The marked improvement in re- 
sults shown here is due in part te increased skill in the observer and in 
part to improvement in the instrument itself. Fig. 23 gives a curve show- 
ing deformations in steel in a bottom bar of the Barr test panel as shown 
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in the sketch. The points shown as open circles are for a load of 590 lb. 
per sq. ft. and solid circles are for a load of 615 lb. per sq. ft. This 
is the best curve the writers have been able to obtain on any building 
test, and it can not be taken as representative, but rather- to illustrate 
what may be obtained under the best conditions. The regularly vary- 
ing differences for a small difference of loads indicate that the stresses 
must have been determined correctly within a very small range. 

A study of probable error was made in the Turner-Carter test by 
the use of a series of 100 observations taken by each of the two observ- 
ers on two gauge lines selected as likely to give the most and the least 
accurate results. The results of this study are given in Table 1. 


TABLE 1. 


PROBABLE ERROR OF THE AVERAGE OF ANY Group oF FIvE 
CONSECUTIVE READINGS. 


Gauge Line 


Observer 
1 | 2 Average 
4 ' H. F. Moore -00000687 -0000106 -00000873 
Unit deformation | Ww" a’ Slater .0000043 000014 -0000091 
Stress in steel in H. F. Moore 206 318 262 
lbs. per sq. in. W. A. Slater 130 435 282 


While these measurements were not all on steel, the probable error 
has been reduced to terms of stress in steel for convenience of interpre- 
tation. It is very interesting to note that the average probable error of 
+282 lb. per sq. in. agrees very well with that for the Turner-Carter 
test as shown in the curve of Fig. 22. The same observer took the data 
in both cases, but the data for the value shown in Fig. 22 are taken 
directly from the records of the test and represent the conditions on six 
typical gauge lines. ‘ 

From the data in hand it seems safe to conclude that under difficult 
conditions stresses in steel can be determined with +500 lb. per sq. in. 
and that under favorable conditions with careful work it may be de- 
termined within +200 or +100 lb. per sq. in. The advantage of further 
increase in accuracy of results lies in the determination of the relations 
between stresses in different parts of the structure. 

17. Effect of Changes in Temperature on Accuracy of Results.— 
Changes of temperature will give measurable changes of length in re- 
inforeing steel, in concrete and in instruments made of ordinary ma- 
terials. In most of the building tests, corrections have been made for 
the changes in the instrument due to changes in temperature by means 
of observations on standard unstressed gauge lines chosen to represent 
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as nearly as possible the conditions of the steel and the concrete in the 
part of the structure tested. The method of calculating this correction 
will be described in a later paragraph. It is there mentioned that in 
distributing the corrections found by reference to the standard bar, a 
linear variation from the time of one standard observation to the time 
of the next standard observation was assumed. Some observations have 
been made to determine the correctness of this assumption. 

To determine the amount of change in length of an aluminum ex- 
tensometer covered and uncovered, a test was made in which the two 
instruments were suddenly exposed to a change of temperature of 
60° F. <A covering which consisted of a double layer of rather heavy 
felt protected one of the instruments from a sudden change in tempera- 
ture. The other instrument was entirely unprotected. The results of 
this test are shown in Fig. 24 with the change of length of the instru- 
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Fic. 24. Dracram SHowinG CHancEe IN LENGTH oF INSTRUMENTS Dux TO 
CHANGE IN TEMPERATURE. 


ment plotted as ordinates against time as abscissas. For these measure- 
ments a standard bar of invar steel was used. The coefficient of expan- 
sion of this being very small, the change of length measured must have 
been almost entirely that in the instrument. The curve shows that for 
an instrument not insulated from temperature changes, only about five 
minutes is required for the instrument to come to the temperature of the 
air. For the insulated instrument about 20 minutes was required. This 
may be interpreted to mean that if an unprotected instrument is used, 
readings on the standard bar should not be more than five minutes apart, 
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With an instrument protected as was this one, intervals of 20 minutes 
would not be too much. The amount of change for the case shown here 
is extreme, as the instrument was suddenly exposed to a change in 
temperature of about 60° F. This change would seldom be found, and 
the length of time required to make the change for a smaller difference 
of temperature may be less, but probably would not vary much for other 
ranges of temperature. It may be concluded that the method used for 
distributing the correction is justifiable, since the instrument was pro- 
tected from sudden change of temperature and the observations on stand- 
ard bars were usually at intervals not greater than 20 minutes. 

The above test shows the effect on the instrument of change in 
temperature. Another test was made to determine the effect of change 
in temperature on steel embedded in concrete and on steel exposed to the 
air. A 3@-in. square bar of steel entirely unprotected from temperature 
changes and a %& in. round bar embedded in 1 in. of concrete were ex- 
posed to a sudden change of temperature of about 43° F. Measurements 
were taken on a 6-in. gauge length of each bar at very short intervals 
of time. The results are shown in Fig. 25. The results of this single 
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Fig. 25. Dracram SHOWING CHANGE IN LENGTH OF STEEL BAR Dur To 
CHANGE IN TEMPERATURE. 


test must be used with caution as the total measured change in length 
was very small and a small error would show up very plainly. How- 
ever, the curve for the embedded bar agrees in its general characteris- 
tics with some of the results obtained by Professor Woolson on “Effect 
of Heat on Concrete” reported in the 1907 Proceedings of the American 
Society for Testing Materials. The test indicates that for this range 
of temperature rather rapid changes may be found in the steel, corre- 
sponding to stresses of about 9000 lb. per sq. in. and 3000 Ib. per 
sq. in., respectively, for exposed steel and steel protected as in this case. 
The range of temperature is extreme and the size of bars smaller than 1s 
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often found in floor construction; therefore the results found in tests 
would probably be less extreme. However, this indicates the necessity 
of attempting to eliminate from the results of the test the effect of 
temperature changes, especially if the stresses measured are small. 

18. Records and Calculations.—Since the beginning of the use of 
the Berry extensometer for testing purposes, as much development has 
been made in the keeping of notes as in the use of the instrument. Be- 
cause of a lack of completeness of notes the advantages of the use of the 
standard bar were not fully realized for some time. Only after the 
method of keeping notes had been highly systematized was it possible to 
make properly the corrections which observations on the standard bars 
indicated should be made. During the time of placing an increment of 
load the recorder will have considerable time in which to be working 
up results of the series of observations taken at the previous increment 
of load, and as the method of making these calculations is quite intri- 
cate, a man is required for this work who has ability to do more than 
merely record. 

It is very important on account of the great number of observations 
taken (about 12000 in the Turner-Carter test) that all records be ar- 
ranged systematically. The following points are mentioned as being im- 
portant in this connection: (1) In the field test individual readings 
should be recorded and their average used as a single observation unless 
it appears that the proposed abridgment of this procedure (see page 35) 
may be used safely. (2) Recording readings in the order of their size 
will assist the recorder in obtaining the correct readings and in rapidly 
obtaining the average. (3) The exact sequence of observations should 
be maintained in the record as the calculations of corrections depends 
largely on this. 

Fig. 26 is a sheet for the record of original readings and the results 
calculated from them. 

Calculating corrections and applying them to the results make the 
reduction of data rather intricate. This work has been reduced to a 
definite system indicated by the form shown in Table 2. In this system 
the first observation on the standard bar is used as the reference obser- 
vation (see definition, p. 10). The corrections are distributed among 
the gauge lines as though the change in the length were a linear function 
of the time from one standard bar observation to the next one. These 
assumptions do not entirely accord with the facts but have been found 
satisfactory as a working basis. Any other standard bar observation 
than the first one would do as well for a reference observation except 
for matters of convenience, It is important that calculations should be 
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kept up as the work progresses, because it can be done with less labor 
then than at any other time and because it will be of value to know as 
the test progresses what results are being secured. 

19. Test Data—Table 3 gives general data of the tests referred to 
in this discussion. The figures giving area of test show the total area 
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of the floor covered, and do not count any area twice, even though 
loaded twice as was done in the Wenalden Building test. They do in- 
clude the area of separate single panel tests which were made in the 
Wenalden and Franks tests. 

The maximum test load in lb. per sq. ft. is given in the column under 
that caption. In some cases this was over only a part of the test 
area. The part upon which the maximum load was applied bore the 
following ratios to the total test area: Wenalden 80 per cent, Powers 
50 per cent, Franks 40 per cent, Larkin 40 per cent, all others 100 per 
cent. 

The column giving the amount of load handled includes the rehand- 
ling due to change of position of loads. The proportionate parts of the 
loads rehandled in this way were: Wenalden 40 per cent, Powers 50 per 
cent, Franks 80 per cent, Larkin 73 per cent. In all the other tests no 
load was rehandled. 

The column giving the number of observers includes only those read- 
ing deformations. In the Wenalden, Powers and Larkin tests another 


— a, a 


45 


TESTS OF REINFORCED CONCRETE BUILDINGS 


TALBOT-SLATER 


9 g € 896 00¢ 819 S6S Sur un puss O°OT OSFS QBIS 381A AR REAL 
T T 0€ 06 00F ost oN GE OFF q8IS Wo,OPIVD 

Hi OE) 

94ya10u0_Z) 
6 € TZ SFE 0g9 Ost HpPVSuLpaes 0°00T OLET Poorlo Faro y TIE 
Tepiiy I9}1BO 
Or ji z FOL 09% 00¢ Ost soxog Ul pusg TFPI 0691 pus wiveg -sJouIN J, 
€ S6 08% ¥o9 OSs wor] 3g 9°9T 6S6T QS +1 SyUBLY 
6 99 FLT 00F 006 pusuIE) 0-0F OLOT Ges +8 SIOMOg 

quouled Jepary 
Z 8 € 6S a OOF 0g6 [OLE BSS oe 008T QED EGRET ueplsue M 
quoted) I9qqo a 
gi L € 96 00g oss GS pus xo aaas 0S8z qeIg IL pus e100q. 

“qr “T° Bolly “aT bs 
uoryel soury 4} ‘bs 43 ‘bs 4 
480, ee. S19AI0S 3 suo} a: a: e108 [8101 Jo 7 
i eee jo | 9 | popuen | ‘peo! | peor! | 'sapecy | t999doa : od AL, sup 
TequUNN | sequinyy |e L 48a, usIsoq 
oJ pormbey sseq BalV 4SoT, 


SLISHJ, dO VLVG TVEAENG 


‘€ ATAVL 


46 ILLINOIS ENGINEERING EXPERIMENT STATION 


observer took deflection readings. In the Powers test and the Barr test, 
almost all the deformation readings were taken by each of two observers, 
giving a larger number of gauge lines per observer than appears in the 
table. 

20. Cost of the Tests——An effort was made to learn the cost of 
making the building tests in which the stresses in the structure were 
observed, but difficulty was found in separating the items connected with 
the tests from those incidental to the building construction. The ex- 
pense of such a test depends upon the size of the test area as well as 
upon the number of gauge lines used. The loading of a single panel 
gives little information, and this information may be misleading in re- 
gard to the maximum stresses which will be developed in such a panel 
when the adjacent panels also are loaded. A test of a floor system 
should involve the loading of as many as five panels; a greater number 
would be more representative of full loading. The application and re- 
moval of 600 000 lb. of load involves considerable expense, especially if 
this material has to be brought to the building and later taken away. 
This item may be from $300 to $700 depending upon the distance the 
loading material is conveyed. The cost of building the platforms and 
drilling and cutting the holes for the gauge points may be counted to 
be about $100. A thorough test will take a week’s time of the observers 
and two weeks’ time of the one in charge of the test even though the test 
itself may not run over five days. A well organized party of three ob- 
servers and three recorders was able to take the observations on 268 
gauge lines and record and work up the data as the test progressed. 
This involved placing the load in four increments and removing it in two 
increments and the test itself covered a period of six days. To make 
an adequate report of such a test is itself quite a task, and the expense 
of this item is considerable. A much smaller amount of work will give 
special information on a few matters. The data at hand indicate that 
a thorough test may cost as much as $1500 for all items and in one 
test mentioned the total cost was more than $2000. 


III. Tse Wenarpen Burtpine Test. 

21. The Building—The Wenalden Building, Fig. 27, is a ten-story 
reinforced concrete structure at 18th and Lumber streets, Chicago. It 
was built by the Ferro-Concrete Construction Company, Cincinnati, 
Ohio, in accordance with the plans and specifications of Howard Chap- 
man, architect. It is now occupied by Carson, Pirie, Scott and Com- 
pany, dry goods merchants, as a warehouse. The building is of the 
beam and girder type. The floor panels are 15 ft. by 20 ft. The gird- 
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Fie. 27. Tart WrENALDEN BUILDING. 


ers are placed between columns in the short direction. Floor beams ex- 
tend the long way of the panel, there being two intermediate beams 
built into and supported by the girders and a column beam built into 
and supported by the columns. The floor, 37% in. thick (including the 
top finish), was built continuously with the beams and girders. 

The reinforcement is of the form used by the Ferro-Concrete Con- 
struction Company. The main reinforcing bars (twisted bars) are car- 
ried along the bottom of the beam from the end of a panel to a point 
beyond the middle of the panel, where they are bent up to the top of the 
beam and carried horizontally to a corresponding point on the other side 
of the support, then bent down and continued along the bottom of the 
beam to the end of the next panel, these reinforcing bars thus having a 
length of two panels. In the intermediate beams at the bottom and 
middle there are four rods 34 in. square and in the side beams one rod 
34 in. square and three rods 5% in. square. In the girders there are four 
rods 7% in. square, the disposition of which is similar to that in the 
beams. By this plan there is twice as much of the main reinforce- 
ment in the bottom of the beam or girder at the middle of the span as 
there is at the top over the supports, except that four 3g in. square rods 
placed in the floor slab are also available for end reinforcement of the 
intermediate beams. The beams are 614 in. and the girders 714 in. wide. 
The general position of the reinforcement is shown in Fig. 28. The posi- 
tion of the vertical stirrups is not shown. 

The contractors report that the concrete was composed of one part 
portland cement, 2 parts torpedo sand, and 4 parts crushed limestone. 
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Although the building was not fully completed when the test was made, 
the floor tested had been built more than 12 months at the time of 
the test. The work of cutting the floor and beams for inserting points of 
measurement proved to be very difficult and showed the concrete to be 
very hard and of excellent quality. 

22. Method of Testing.—The test was made on the first floor of the 
building. This was the only one which could be reached with the loading 
material. The space chosen was one freest from openings and other 


View of Girdger 
Fig. 28. Grnerau Posrtion or REINFORCEMENT IN WENALDEN BUILDING. 


irregularities of construction. At various points at the top and bottom 
of beams, holes were cut into the concrete until the reinforcement was 
bared and gauge holes were drilled in the bars 6 in. or 10 in. apart for 
use in inserting the instruments with which the measurements of elonga- 
tion were made. Where stresses in the concrete were to be measured, 
holes were cut in the concrete and short pieces of steel were set in plaster 
of paris. Gauge holes were drilled in these steel inserts in such a way as 
to give gauge lines 6 in. or 10 in. long. The position of these points is 
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shown in Fig. 29 and 30. For the work of measuring deflections, steel 
balls were affixed to the under side of beams and girders at various places 
and other balls were placed about 7 in. lower on supports which had been 
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built up independently of the observing platforms. A number of these 
points of deflection were used to determine the inflection points of the 
beams. 

For any observation several instrument readings, usually five, were 
taken on each gauge line and these were averaged. Measurements were 
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made on the standard bar before and after each series of observations to 
permit corrections for instrumental changes. 

93. Method of Loading.—The floor was designed for a live load of 
200 Ib. per sq. ft. and the test load was made 400 Ib. per sq. ft. over 
the panels loaded. 
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The loading was done by piling brick and bags of cement in piers 
separated by aisles in such a way as to give access for points of measure- 
ments and to prevent arching effects influencing the tests. The load was 
put on in increments of about 80 lb. per sq. ft. of the total panel area, 
and a set of observations was taken at each increment of load. Brick 
was used in the first part of the loading and cement in the later work. 
The average weight of the brick was determined by weighing a con- 
siderable number, and such care was given to determine the number of 
brick and sacks of cement that it is believed the weights are accurately 
known. 

The following is the general plan of the test. A single panel (B, 
Fig. 29) was first loaded. This load was then removed. The load was 
then applied on three panels in tandem (ABC, Fig. 30). These three 
panels are termed area M in the load-deformation diagrams. Then, 
leaving this load on, a load was applied along three adjacent panels 
(DEF) covering two-thirds of the width and making in all the equivalent 
of five loaded panels. This portion of these three panels is termed area 


Fig. 31. Vimw or Test Loap IN WENALDEN BUILDING. 


N in the load-deformation diagrams. The load was then taken off by in- 
crements. The total weight of the load used was 600 000 lb. Fig. 31 
is a view of the test load. 

A further test was made by loading a single panel at the end of the 
building, a so-called wall panel. 

The loading was begun Monday, July 10, 1911, the loading of five 
panels was finished at noon on the following Friday, and unloading was 
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completed on Monday, July 17. The schedule of loading is given in 
Table 4. The wall panel was loaded on Friday and Saturday, July 14 
and 15. The unloading of this panel was finished August 1. 

24. The Deformations and Stresses—The results of observations 
for various gauge lines are plotted in Fig. 32, 33 and 34. From a 
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Fra. 32. Loap-DEFORMATION DIAGRAMS FOR UNDER SIDE oF GIRDER AT MIDDLE. 
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TABLE 4. 
ScHEDULE oF LoapING OPERATIONS. 
Observations Loading Observations 
Dat | 
Day ate a i Load 
lb. per Hours 5a re Hours lb. per Hours 
sq. ft. ee sq. ft. 
Sunday....! 7-9-11 0 5.45 P.M 
Monday....| 7-10-11 10) 7.00 80 B 8.00 80 B 8.50 
to to to 
8.00 a. mM 8.50 a. M —— A.M 
160 B 160 B 10.25 
to to 
10.25 a. M — A.M 
240 B A. M. 240 B 12.10 
to to 
12.10 Pp. M P.M. 
| 320 B = 320 B 3.00 
to to 
3.00 PB. M. P.M. 
400 B —— 400 B 5.10 
ti to 
| 5.10 Pp. M P.M. 
Tuesday....| 7-11-11 400 6.00 240 B 8.00 a. M 240 B 11.00 a. mw 
to to to 
| 8.00 a. M 
OB 12.30 OB 3.30 
to to 
3.30 Pp. M 4.00 P.M 
Wednesday.) 7-12-11 | 0 6.45 80 A, B 8.00 80 A, B 10.00 
to and C. to and C. to 
—— A.M 10.00 a. m 10.45 a. Mm 
160 A, B 10.45 a. Mm 160 A, B 1.00 
and C to and C. to 
1.00 Pp. M P.M, 
240 A, B 1.30 240 A, B — 
and C. to and C. t 
P.M. 2.45 P. M 
320 A, B 3.20 320 A, B 5.00 
and C to and C, to 
5.00 P. M 6.30 Pp. M 
Thursday...| 7-13-11 | 320 A,B 6.30 380 A, B 8.00 380 A, B 9.45 
and C, to and C. to and C. to 
7.45 aA. M. 9.45 a.m 10.30 a. M 
| 400 A, B 10.30 400 A,B | 11.15 a.™ 
and C to and C. to 
11.15 a.m 12.00 m 
400 M 11.30 a. mM 400 M 3.15 
160 N to 160 N to 
3.45 P.M 
400 M 3.45 
to 
4.30 P.M 
Friday..... 7-14-11 320 N 8.00 
to 
9.30 a. M 


— 
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TABLE 4. 
ScHEDuLe or Loapine Orzrations—Continued. 
Observations Loading Observations 
Day Date 
Load Load 
ibe lb. per 
ae ue Hours aq. its Hours ee Hours 
Pridayia.s.: 7-14-11 400 M 10.30 400 M 11.30 a. mM. 
400 N to 400 N to 
11.30 a. Mm 12m 
80 G 2.00 80 G 3.40 
to to 
3.00 P. M P.M. 
160 G rat 160 G 5.00 
ti 
5.00 Pp. M. 5.30 P. M 
Saturday...| 7-15-11 250 M 8.00 250 M 11.40 a. M. 
250 N to 250 N to 
—— A.M 1.30 Pp. Mm 
240 G 8.15 240 G 9.00 
to to 
9.00 a. M. —— A.M 
320 G 8.40 320 G 9.50 
to to 
—— A.M 10.00 a. M 
380 G 380 G 10.45 
to to 
10.45 a. M. 11.15 a.m 
400 G — 400 G —— A.M. 
to to 
11.40 a. M. 12.00 m 


study of these it is readily seen that there are irregularities in the meas- 
urements and that the general trend of some of the lines must be taken 
rather than absolute values. 

In translating from unit-deformation to unit-stress the modulus of 
elasticity of steel has been taken at 30 000 000 lb. per sq. in. and that 
of the concrete has been assumed to be 3 000 000 Ib. per sq. in. For sim- 
plicity the straight-line stress-deformation relation for concrete has been 
assumed, though it is evident that this relation does not hold for the 
higher stresses and that calculated stresses based upon this assumption 
are in excess of the actual stress. The interpreted stress for a number of 
gauge lines is recorded in Table 5. 

Table 6 gives calculated stresses and calculated bending moment co- 
efficients. The first line of each set gives the calculated stresses in the 
reinforcement and in the concrete based upon the value of the bending 
moment quite commonly assumed in design calculations, 1/12 W1, where 
W is the total distributed load on the beam and / is the span length. 
These are printed in italics. In these cases the span length was taken as 
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Stresses are given in pounds per square inch. 


anes Single Panel. |Three Panels.) Five Panels. 
| 
Reinforcement at end of girder...........+.... 208°) a ots 8 000 7 000 
209 7 000 12 000 13 000 
202) |) > SSeteee Gi ees 9 000 
Reinforcement at middle of girder............. UD ereteoee 10 000 11 000 
120 8 000 14 000 17 000 
121 6 000 16 000 17 000 
G@oneretesat end ofigirdeta.|.cc ecu sean ee cree 119 1100 i 600 2 200 
Reinforcement at end of intermediate beam.....| 210 |  ...... 9 000 10 000 
211 2 000 9 000 14 000 
212 9 000 14 000 14 000 
213 9 000 16 000 16 000 
214 11 000 13 000 13 000 
216 13 000 13 000 14 000 
Reinforcement at middle of intermediate beam..} 109 | ...... 14 000 16 000 
111 8 000 7 000 11 000 
L139) ss 16 000 16 000 
114 6 000 11 000 11 000 
Concrete at end cf intermediate beam.......... SUP Sere cael WSeesen tn 1 300 
112 1 500 1 700 2 000 
Concrete at middle of intermediate beam....... gu Low Low Low 
229 “ “ “ 
ABIES Gs 


Maximum Srresses anp Moment Corrrictents In WENALDEN 
Buintpine Txst. 


Stresses are given in pounds per square inch. 


Reinforcement Concrete 
Member 
Stress Coefficient Stress Coefficient 
Garderwlind Ss asctins woken sat cee tte 44 000 1/12 1 700 Liz 
‘ End aiahctepe eT nis sai ten onkse ray te onto ee 13 000 0.024 2 200 0.106 
~ Mid Glee ays oat aire eee 19 000 L/1T2 420 1/12 
if WHS iin. nytt aise oe ae 17 000 ONO 75 ea mike eet 5K 
Intermediate Beam, End................ 36 000 ree 1 900 1/12 
vy End PUR re evonate aku ete 16 000 0.037 2 000 K 0.088 
- IMiddlen tr. acne ce 22 000 1/12 440 1/12 
ss IMSd dle vin nan scree 16 000 OFOG Re eal metres ie 
Wolumni Beam; Eindetecclen cere oe 69 000 TES BIB aioe © 
a End brava tenens teaicike, Suck leiext ae nee 15 000 OLOUS Ss Sie mere 
“ Middlevrcat ven st 26 000 SEF ee 
e Middleeey te rte ee 11 000 ONOS52 a wee 


3 in. longer than the clear span. Measurements had been made upon the 
position of the bars and the depth of the reinforcement, which were not 
always exactly according to the plans, and the calculations have been 
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based upon the dimensions found. In the second line of each group the 
maximum stress obtained by the measurements is given in the column of 
stresses, and the bending moment coefficient (the coefficient of Wl) 
corresponding to these stresses is recorded in the adjacent column. In 
these calculations the common assumptions of design calculations (in- 
cluding the neglect of the tensile strength of the concrete) are followed 
except that the width of T-beam is taken as equal to the distance from 
center to center of beams. In calculating the bending moment coefficient 
from the measured stress, the position of the neutral axis and the value of 
the moment arm are assumed to be the same as given by the ordinary 
assumptions. Although the stress in the reinforcement is measured at 
the surface of a bar of the outer layer, this stress is considered as being 
the same as that acting at the center of gravity of the group of bars, for 
the actual variation in the group is unknown and this method will give 
a bending moment coefficient larger than that found by considering that 
the stress in the bars of the other layer is smaller. 

In the calculations for compressive stresses, the compression rein- 
forcement was considered to take its proportion of the compressive stress 
though there may be a question whether the embedment in such designs 
is sufficient to insure this condition. 

It will be seen that in the tests with three and five panels loaded the 
highest stress observed in the reinforcement in the middle of the inter- 
mediate beams was 16000 lb. per sq. in. and the highest stress observed 
at the ends of the beams was 16000 lb. per sq. in. The stresses observed 
in other bars having similar positions were lower, and probably the high- 
est stress is not representative of the general stresses. However, it may 
be best to compare on the basis of the highest stresses. The bending mo- 
ment given in the table as derived from the measured stresses is .06 WI at 
the middle of the beam and .037 WI at the end of the beam. Measurement 
of the compression of the concrete in this test was less satisfactory than 
the measurement of the reinforcement deformations, and considerable 
variation was found at the different points of observation. Not enough 
gauge lines gave satisfactory measurements to warrant making quantita- 
tive conclusions, but the indications of the action of the concrete may be 
useful. The value of the resisting moment which corresponds to the 
concrete stresses, on the assumptions made, is .088 WI for the end of the 
beam. For the middle of the beam the stresses were small and the in- 
dications so irregular that no value of resisting moment can be given. 

In the beams at the sides of the panel (column beams) the stresses 
were in general somewhat lower, but with a full loading a stress of 15000 
Ib. per sq. in. at the middle of the beam was observed and 11000 lb. per 


sq. in. at the end. 
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Deformation per Unit of Length. 
Fic. 34. Loap-DEFORMATION DIAGRAMS FOR UPPER SIDE oF Beams aT END. 


Fewer measurements were made on the reinforcement of the girder. 
A stress of 17000 lb. per sq. in. was observed at the middle of the girder 
and 13000 lb. per sq. in. at the end. On the same assumptions these 
values correspond to bending moments of .075 WI and .024 WI, re- 
spectively. The stress in the concrete at the end of the girder was also 
very high, but the corresponding bending moment (.106 WI) is not far 
from the calculated moment for a restrained beam with concentrated 
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load. It should be noted in this connection that the reinforcement is 
bent down rapidly into the beam from the face of the column, see Fig. 28. 

Calculating with the usual assumptions of beam formulas, the total 
compressive stress in the concrete at the end of the beam is greater than 
the total tensile stress in the reinforcement. Two elements probably 
enter into the results, the tensile strength of concrete, which may be con- 
siderable as distributed over the width of'the floor, and an arching action 
of the structure. However, it should be noted that the value of the 
bending moment coefficient derived from the reinforcement stresses at 
the middle of the beams and girder is not much less than values com- 
monly used and also that the calculated resisting moment developed at 
the end of the beam based on the concrete stresses is not far from the 
amount usually assumed. 

Attention should be called to the fact that the compressive stress in 
the concrete, both that calculated from an assumed bending moment co- 
efficient and that calculated from the measured deformation, is much 
higher than that to be found by the use of the parabolic stress deforma- 
tion relation and the actual stress will be less than that given in the 
table. 

Measurements were made on the concrete at the top of the floor slabs 
in a direction parallel with the beams to find the distribution of compres- 
sive stresses between beams. These measurements were not fully satis- 
factory, but within the limits of accuracy of the measurements, no dif- 
ference in the amount of shortening over the beam and at points between 
beams could be determined, and the whole floor evidently acted as a part 
of the compression member of the T-beam so formed. 

25. Test Oracks—The surface of the beams and girders had re- 
ceived a white coat, which permitted very fine cracks to be detected, much 
finer than may be observed on uncoated concrete. In the test, as the load 
was applied, fine tension cracks in the concrete through the middle of the 
length of the beam were observable at stresses in the reinforcement corre- 
sponding to the stresses at which load cracks are detected in the tests of 
beams in laboratory work. To an experienced observer development of 
the cracks was confirmation of the measurements of the low stresses de- 
veloped in the reinforcement. Upon removal of load most of these 
cracks closed until they were not visible to the eye. 

As the calculated reaction on the end of a girder was upward of 
40000 lb., it will be seen that the vertical shearing stresses were very 
high. Diagonal tension cracks developed in these girders just outside 
the junction with the intermediate beams, making an angle of nearly 
45° with the horizontal. These cracks did not entirely close on the 
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removal of the load. No measurements were taken to determine the 
diagonal deformations. It seems probable that the restraint at the end 
of the girder and the tensile strength of the concrete acted to prevent the 
fuller development of these cracks. 

No diagonal cracks were observed in the beams. 

26. Deflections—Fig. 35 gives the location of the points at which 
the deflections were measured. Fig. 36 shows the deflections with a load 
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of 400 lb. per sq. ft. for points along an intermediate beam, (1) with 
one panel loaded (panel B, Fig. 29) and (2) with three panels loaded 
(area M, Fig. 30), and (3) with five panels loaded (areas M and N, 
Fig. 380). As may be expected, the deflection in the middle panel is 
greater for one panel loaded than when three panels are loaded. 

27. Wall Panel.—A single wall panel was loaded and observations 
were taken on the gauge lines which are shown in Fig. 37. No meas- 
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urements of the compression in the concrete were made. On the 
reinforcement only a few gauge lines were used. The observed values 
are plotted in Fig. 38 and Fig. 39. Because of the small number of 
gauge lines and because of some of the conditions of the test which were 
not entirely favorable, the results may not be trustworthy quantitatively 
as compared with the other tests, but the indications are of interest. 
There is considerable restraint shown at the ends of the beams, that at 
the pilaster being about the same as that at the column end and that at 
the wall being greater than that at the girder end. All of these are 
nearly as large as the values found in the interior panels. The stress in 
the middle of the beams is considerably greater than that found in the 
middle of the beams in an interior panel. The deflections are also 
greater than for interior panels and the deflection curves are of a differ- 
ent character. It is recognized that there are some apparent inconsisten- 
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cies in these statements, and the action of wall panels is a matter which 
should receive full investigation in the future. 

28. Hxamination of Floor after Test—An examination of the floor 
was made May 6, 1912, to ascertain whether the cutting of the concrete 
for purposes of observation had caused any permanent disfigurement. 
On the under surface of slabs and beams where the chances would be 
greatest for material used for filling the test holes to fall out of place, 
the concrete was intact. It seems probable that if the surface had been 
painted over after the repairs were made the patched portions could not 
have been detected without a minute examination. Although the base- 
ment was well lighted in the vicinity of the main test the only indica- 
tions of the location of cracks were pencil marks where the cracks had 
been traced to secure ease in sketching their position. These pencil 
marks had been painted over but showed through the thin voat of white. 
It is probable that a more minute examination would have detected 
cracks, but the fact that after removal of the test load not even the diag- 
onal tension cracks were plainly visible bears out the conclusions that the 
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steel stresses caused by the test load were light. The basement under that 
part of the floor where the wall panel test was made was not so well 
lighted, hence the examination here was not so significant. On the upper 
surface of the floor tested, there were cracks which were distinct, but not 
more so than many which were observed before the test had been made. 
The area on which the wall panel test was made was inaccessible, being 
completely covered with merchandise. 


IV. Tar Tourner-Carter Buitpine TEst. 


29. The Building—The Turner-Carter building (see Fig. 40) is an 
eight-story reinforced concrete building 60 x 200 ft., located at Wil- 
loughby Avenue and Walworth Street, Brooklyn, New York. It was 
constructed by the Turner Construction Company for the Turner-Carter 
Company (manufacturers of shoes) in accordance with the plans and 
specifications of Frank Helmle, architect. 

The building is of the beam and girder type. The panels are 17 ft. 
4 in. by 19 ft. 6 in. The floor was built continuously with the beams 
and girders. The girders are 10 in. wide and 24 in. deep including the 
finished floor. Each panel has two intermediate beams 7 in. wide with a 
total depth of 18 in. The column beams are the same size as the inter- 
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Fia. 40. Ture Turner-Carter Burtpina. 


mediate beams. The columns below the test floor are octagonal and are 
30 in. from face to face. The position of reinforcement of the beams 
and girders is shown in Fig. 41. The beams and girders were designed 
as simple beams, but reinforcement is supplied for continuity, and the 
construction is such as to give continuity in the beams and girders. The 
structure was designed for a live load of 150 lb. per sq. ft. 


Ap, 
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The aggregates were an excellent grade of sand and gravel obtained 
from the sand banks in Hempstead Harbor on the north shore of Long 
Island. The gravel tanged in size from 3% to 7% in. For the beam and 
girder reinforcement bars having an elastic limit of about 50000 lb. per 
sq. in. were used. The beams have one 1-in. square bar and two 7%-in. 
square bars at the middle and one 1-in. square bar over the support car- 
ried about 15 in. beyond the center line of the girder. Ten 3£-in. round 
bars placed in the slab are also available for tension reinforcement in the 
end of the intermediate beams, as is also one T-bar used for supporting 
the slab reinforcement during construction. The girders have two 1-in. 
square and three 7g-in. square bars at the middle, placed in two layers, 
and two 1-in. square bars over the support carried nearly to the farther 
face of the column. 

The floor tested was constructed July 25 so that at the time of the 
test, September 10 to 20, 1911, the work was about fifty days old. 

30. Method of Testing—The feature of the test, as of the Wen- 
alden test, was the measurement of the deformations in the reinforce- 
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ment and in the concrete at various points in the girders, beams and 
slabs. The most important determinations undertaken in the test were 
the measurement of the compressive deformations in the concrete at and 
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near the supports of the beams, the compressive deformations of the con- 
crete at the middle of the beam, and the distribution of these compres- 
sive stresses across the top of the slab between beams to determine the 
extent of T-beam action. The deformation in the reinforcement was 
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Fig. 43. Prian SHowrna Location or GauGcEe Lines oN UPPER SIDE or FLoor. 
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measured at the centers of the spans and at the ends and also on the in- 
clined portions of the bent-up bars. Various other measurements which 
it was thought would throw light upon the action of the structure were 
taken. 

31. Preparation for the Test—A week was used in preparing for 
the test. Platforms supported by scaffolding for the use of observers 
were built on the second floor. Independent of this was a framework, 
which was supported by the second floor, for use in making measurements 
of deflection. The boxes for holding the sand were constructed, this 
being facilitated by a power saw located on the second floor. Consider- 
able time was consumed in drilling holes in the concrete to bare the rein- 
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forcement. In some cases this was found to be at a considerable depth 
from the surface. In all nearly two hundred holes were cut in the con- 
crete. Holes were drilled in the reinforcing bars, as heretofore de- 
scribed, for use as gauge points. The gauge length was made 8 in. The 
position of the gauge lines for the reinforcing bars is shown on Fig. 42 
and 43 by the even numbers. For use in the measurement of deforma- 
tions of the concrete, holes about 4 in. in diameter and 1 in. deep were 
drilled in the concrete and steel plugs were inserted and set in plaster of 
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paris. Gauge holes for receiving the points of the extensometers were 
drilled in these plugs with a No. 54 drill. The position of the gauge 
lines is shown in Fig. 42 and 48 by the odd numbers. The gauge 
length was 8 in. 

The deflections were measured between a steel ball set in the under 
surface of the beam and a ball attached to the framework previously de- 
scribed. The measurements were made as described in Art. 13. 

32. Method of Loading.—The test area was on the third floor. The 
loading material was damp sand which was placed in bottomless boxes. 
These boxes were of various sizes and were placed in such a way as to 
give a. well distributed load. The general size of the box was 4 ft. 6 in. 
wide, 8 ft. long and 4 ft. 6 in. deep. Fig. 44 shows the position of the 
boxes and the test area. Fig. 45 is a view with the sand boxes ready for 


Fic. 45. View or SAanD Boxes. 


loading. The boxes were made small enough to permit a good distribu- 
tion of load even though part of the weight of the sand might be carried 
by arching and friction down the sides. The test area covered three full 
panels and parts of four others, in all equivalent to five panels. A load- 
ing space was chosen which it was thought would give the fullest stresses 
over the girders and beams on which the principal measurements were 
made. In removing the load the outer panels were unloaded first in an 
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attempt to determine the relation between single panel loading and group 
loading. The load applied was the equivalent of 300 lb. per sq. ft., 
double the design live load. 
Before beginning the test, a calibration of the heaviness of the sand 
was made by weighing the sand which had been shoveled into a box of 
16 cu. ft. capacity placed on the scales. It was found that there was a 
difference of about 10 per cent in the weight of sand which had been 


Fie. 46. View or Test Loap IN TURNER-CARTER BUILDING. 


thrown in loosely and sand which was packed somewhat. During un- 
loading, the entire contents of three of the sand boxes (about 500 
cu. ft.) were weighed. This gave an average of 88.6 lb. per cu. ft., agree- 
ing closely with the weights of the unpacked sand previously weighed, 
and this value was used in the calculation of loads. 

On a part of the area where the boxes were not carried to a sufficient 
height and where the space was not covered adequately by them, cement 
in sacks was used as loading material. 

The supply of sand for the loading had previously been delivered on 
the same floor, the piles being kept at least one panel away from the 
location of the test area, and this was distributed over sufficient floor 
space that the stresses in the beams of the test area could not be affected. 
In applying the load the sand was wheeled in barrows and dumped into 
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the boxes. As the sand was placed, the sides of the boxes were rapped 
to break the adhesion of the sand. Some leveling of the sand in the boxes 
was done, but there was little compacting by tramping or otherwise. 

33. Making the Test.—A very important element of a test of this 
kind is the initial observation for fixing the zero point of the test read- 
ings. Three sets of observations for a number of gauge lines were made 
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Fie. 47. Loap-DEroRMATION DiaGRAMS FOR UNDER Sipe or Beams at Enp. 
before the beginning of the test, on the afternoon of September 10 and 
the forenoon of September 11. Where discrepancies were found new ob- 
servations were made. Even with this number of observations there are 
uncertainties in some initial readings. Experience confirms the view 
that before any load is placed the initial readings which have been taken 
should be worked up and observations repeated until all discrepancies and 
uncertainties have been removed. 

Readings were taken immediately after the completion of each incre- 
ment of load and again immediately before the beginning of placing an- 
other increment of load. This usually corresponded with evening read- 
ings and morning readings. A series of readings was also taken with the 
full test load on. These extended over a period of 48 hours. A similar 
method was used in the process of removing the load, 
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Table 7 shows the loading schedule. The load was applied in incre- 
ments of 100 lb. per sq. ft. based upon the whole test area. The applica- 
tion of the load consumed three days. The full load was left on 48 
hours. The unloading schedule is shown also in Table 7. In the unload- 
ing, the load on panels B and C' was first removed, then the load on 
panel D, F and J, followed by the removal of the load on panel H. 
Fig. 46 is a view at a load of 300 lb. per sq. ft. over the test area. The 
total load was over 500000 lb. 

34. Deformations and Stresses—The results of observations on vari- 
ous gauge lines for the beams and girders are plotted in Fig. 47 to 54. 
Fig. 55 gives the deformations in the concrete on the under side of the 
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TABLE 7. 


ScuepuLe oF Loapina OPERATIONS IN TURNER-CARTER 
Buivpine Test. 


Observations Loading | Observations 


Day | Date hy aa i : ; 
Load lb er | Load | 
lb. per Hours a ai Hours lb. per Hours 
sq. ft. Ooi | sq. ft. | 
LoapING SCHEDULE. 
2 7 ~ eet. | 22 4 Sas 
Sunday....| 9-10-11 0 | 12M. | 
| | to 
| obeear: | | | 
Monday....| 9-11-11 | 0 | 7.20 a. M. 100 | 1.30 100 6.10 
| to to to 
|, ene a 6.00 P.M. 8.00 P. M 
Tuesday....| 9-12-11 100 | 6.80 a. M. 200 | 10.30 a. mM. | 200 3.10 
| to to | to 
| 8.15 a.m 3.00 P.M. 5.30 P. M 
Wednesday.| 9-12511 | 900 | 620 | 300° |wO00acm | Sool 350 
to | to to 
| 8.20 a. M 3.30 P.M. | 5.50 Pp. mM 
300 10.30 
to 
11.30 P. M. 
Thursday...) 9-14-11 | 300 | 8.00 | 300 3.00 
| | to | | | | to 
| | 8.30a.M. | | 3.30 P. M. 
{ | | 
UNLOADING SCHEDULE. 
] | ] 5 
Brig ayers. 9-15-11 300 7.30 300 on D, | 3.30 | 300 on D, 8.00 
to IDS Ths dal to ) FIR Oe Teel to 
9.30 a. M. and fs 9) 47.80) Beume |) nand Je | 8.30 P.M 
Saturday.../ 9-16-11 |3000n D,| 7.20 | 3000nE| 9.30 | 3000nE | 6.30 
| E, F, H | to and H. | to | and H. | to 
. and. | 9.15 a. M. | 11.45 acm. | 8.00 Pp. M. 
| 
Monday....| 9-18-11 | 300 on E | 6.15 300 on EF | 9.30 a.m. | 300 0n EZ | 12.15 
| and H. | to | only. | to | only. | to 
9.20 a.M. | 12.00 m. 1.50 P. M. 
| | | | 4.15 
| | to 
| | | | 8.00 Pp. M 
Tuesday....| 9-19-11 | | — 300 on EL 4.50 
| | only. | to 
| | 6.50P M 
Wednesday. 9-20-11 3000n EZ) 8.304. M. Zero. | 1.00 Zeroon | . 4.00 
| | only. | to | to all panels. | to 
| 12.30 P.M. | 3.40 P. M. 5.40 P.M. 


| el | | 


floor slab and Fig. 56 those on the upper side. Fig. 57 records measure- 
ments made on the bent-up bars and stirrups. 

As already stated, the location of the gauge lines is shown on Fig. 42 
and 43, the odd numbers referring to measurement on the concrete, the 
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even numbers to measurement on the reinforcement. The numbers in the 
two hundreds are gauge lines on the under side or second story side, and 
the numbers in the three hundreds are on the upper side or third story 
side. 


Stresses and bending moment coefficients are tabulated in Tables 8 
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TABLE 8. 
Srress Lyprcations IN TurNER-CarTER Buripine TEsvT. 
Stresses are given in pounds per square inch. 


Member Gauge Line Relies ce- | Gauge Line Concrete 
IDAs faiyelS oo Sooaqnabdde cooNeauUoOCGOG moo] es 5 269 900 
id Lora ) PRA BeC to CaO CG OREO LO 220 8 000 311 Little 
are a a aes ira a Waa an eae ape Se teR 
O-SIIOR Bo BOOS ONG OGIO 4. 
HAIG Sod ta) Save aCe, 318 8 000 267 1100 
SMa ole aieR afore veto) ais, .sare sia or wvereiorelorels 310 4 000 281 1000 
Go ERO CC BOS Oot bar OTerC aie yee 298 ts 
Middle oti beam is 5 ats:cfe oieievecerSeivioversrarscerene 202 
BRS ne raat on La kts 206 11 000 305 350 
OP Oe ncterac taste vagrant 230 9 000 313 200 
CMM gr sditcorearetn cterenennnie stele 234 8 000 315 300 
Siam miele tercnchetoversras alererrateieveterersys 236 8 000 Ska il OD aaron 
pe Mess rere cients eta Sate iatee 238 11.000, "| Ssaee Ps eee 
SMM tre ins oerte tiatekecavenepmtcree 240 50009 to eicte eh it late kereiecs 
IBentaip bar in’girder. sees cei ee ciciccserere 222 5000. | Sees ONT eee 
seo Maer teste alcrerele Rroleaierevnlord 224 UE ia ier lb Aapeae 
Bentiupibar in beam, 2. see ese sen ie eleiers 214 =—3 OOOS> |) ee | eee 
TABLE 9. 


Maximum Srresszes anp Moment Corrricients In TURNER-CAaRTER 
Buiitpine TEst. 


Stresses are given in pounds per square inch. 


Reinforcement Concrete 
Member 
Stress Coefficient Stress Coefficient 
GirderWEind s ciaicieyvsieis sierave oe os ecole eranstorstere 31 000 1/12 1 200 1/12 
ef 1 OL AMC OMIA Te ar eeIOe | cote is 900 0.06 
iS IMIG. sos <cca anus orereioe steer eters 12 600 1/12 . 800 1/12 
es YU GT (0) Ce ener n eco om nee OG 8 000 0.05 Dittle ) |! fase 
Intermediate Beam, End................ 21 500 1/12 1 300 1/12 
¥ Bnd &. Sock no aaa 8 000 0.03 1100 0.07 
oH Middleass-ceen aces 18 500 1/12 880 1/12 
2 Middle. 2c ceieunles 11 000 0.05 350 0.077 
@olumny Beam, End a. ceiis leoececle ve e eee 19 600 1/12 1 200 1/12 
oe ING Gasonbogduondodoanote | daooes aus 950 0.064 
a Middleirery.. oe cere sexe aren 17 000 1/12 350 1/12 
“ Middletss.tieaiheeusc one 10 000 0.05 225 0.054 


and 9. The stresses calculated on the basis of a bending moment co- 
efficient of 1/12, the more usual one in designing are printed in italics. 
The suggestions given for caution and care in interpreting measure- 
ments should be applied to this test. 
35. Beams.—For the tensile stresses in the reinforcement at the 
middle of the intermediate beams at the full load of 300 Ib. per sq. ft., 
the highest stress observed was 11000 Ib. per sq. in. and the average 


TALBOT-SLATER—TESTS OF REINFORCED CONCRETE BUILDINGS dl 


stress recorded may be said to be 8500 lb. per sq. in. At the ends of the 
intermediate beams, the highest stress observed in the reinforcement was 


‘De formation per Unit oF Tapes 


Fic. 54. Loap-DEFORMATION DIAGRAMS FOR UPPER SIprE AND UNDER 
Sipe oF GrrRpERS AT MIDDLE. 
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8000 lb. per sq. in., and the general value may be said to be 7500 lb. 
per sq. in. Using the assumptions for resisting moment ordinarily taken 
in design calculations, these stresses may be considered to correspond to 
a bending moment coefficient of .05 W/ for the maximum stress at the 
middle of the beam and .03 WI for the maximum stress at the end of 
the beam, if the tensile strength of the concrete be not considered. 


Fig. 56. Loap-DEFORMATION DIAGRAMS FOR CONCRETE ON UPPER 
SIDE oF SLAB. 


Assuming a modulus of elasticity for the concrete of 2500000 lb. 
per sq. in., the concrete on the compression side of the beams at the mid- 
dle showed a compressive stress of 350 Ib. per sq. in. and at the end of the 
beam 1100 lb. per sq. in. It is apparent that the total compressive stress 
in the concrete is greater than the total tensile stress in the reinforce- 
ment of the beams. A possible explanation is that end thrust exists, in- 
volving so-called arch action in the beams and floor structure, and that 
the tensile stress is relieved by the presence of this thrust. The tensile 
strength of the concrete must have a large effect on the resisting moment. 
The coefficient for W/ in the expression for bending moment, necessary to 
give a compressive stress equal to the maximum measured in the con- 
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Fia. 57. Loap-DrEFORMATION DiaGRAms FOR BeEntT-uPp Bars AND STIRRUPS. 


crete, on the assumptions made, is .077 for the middle of the beam and 
.07 for the end of the beam. These coefficients are lower than the value 
of 1/12 usually assumed in design of such beams. 

36. Gurders.—For the tensile stresses at the middle of the girders 
the observations showed about 8000 lb. per sq. in. in the reinforcement 
at the middle. This corresponds to a bending moment coefficient of .05, 
again neglecting the tensile strength of the concrete. The reinforcement 
at the end of the girder was inaccessible. 

Assuming a modulus of elasticity of 2500000 lb. per sq. in., the con- 
crete on the compressive side of the beam at the support showed a com- 
pressive stress of 900 lb. per sq. in. The reading at the middle of the 
beam showed very little compression. Assuming that the loads on the 
girder are concentrated at the points where the intermediate beams are 
connected, and making the same assumption of distribution of stress as 
before, the coefficient of bending moment was .06. It seems probable that 
the compression at the middle of the span must be distributed over a 
considerable width of floor, or larger readings of compression would have 
been obtained. 
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Fig. 59. Diagram SHowine DistRisuTIoN or Compressive DEFORMATION 
IN INTERMEDIATE Bram. 


37. Decrease in Compression with Distance from Support.—In four 
beams measurements of compressive deformations were taken at a series 
of gauge lines from the support to a location near the point of inflection. 
The position of these points is shown in Fig. 42. The gauge lines 
No. 223, 225, 227, 229, 231 and 238 are on one side of column No. 6, 
and 281, 283, 285, 287, 289 and 291 are on the other side of column 
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No. 6. It may be expected that there will be full restraint for the end 
of the beams. Gauge lines 243, 241, 239, 237 and 235 are on one side 
of a girder and 293, 295, 297, 299 and 1201 are on the other side. The 
unit-deformations for these gauge lines at loads of 200 Ib. per sq. ft. and 
300 Ib. per sq. ft. are plotted in Fig. 58 and 59. 

The measurements recorded for the column beams show considerably 
more compressive stress than do those for the intermediate beams, per- 
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Fig. 60. Dracram Suowrne DistrisutTion or Compressive DEFORMATION 
Across FLANGE OF T-BEAMS. 
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haps one-third more. This difference in stress may be due partly to the 
deflection of the girder, and to the deflection of the intermediate beam 
between its support and a point opposite the end of the column beam, 
which would permit a larger part of the load to be carried by the column 
beam. It may be due somewhat to the fact that reinforcing bars are 
bent down from a point at the end of the column beam, while in the 
intermediate beams the bars run horizontally for a foot from the face 
of the girder. 

The direction of the lines in Fig. 58 and Fig. 59 indicates a zero 
stress at about 45 in. from the face of column in the column beams and at 
about 50 in. from the face of the girder in the intermediate beams. In 
both cases the results locate the point of inflection at about 0.22 of the 
clear span. 

38. T-beam Action.—The distribution of compressive stresses in the 
T-beam formed by a beam and the floor slab (which involves the dis- 
tances away from the beam for which compressive stresses are devel- 
oped) has been a fruitful source of discussion. Measurements parallel 
to the axis of the beam were taken on the upper surface of the floor slab 
immediately above beams and at intervals between them. These gauge 
lines are No. 315, 317, 319, 321, 323, 325 and 327 (see Fig. 42). The 
deformations are shown in Fig. 52 and 56. The amount of these def- 
ormations at points across the slab for loads of 200 lb. and 300 Ib. per 
sq. ft. is shown in Fig. 60. It is apparent that a somewhat higher stress 
existed in one beam than in the other. Taking this into consideration, 
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the compressive stress varies quite uniformly from one beam to the 
other, and the full width of the floor slab may be said to be effective in 
taking compression. The overhang (counting to the mid-point between 
beams) is 614 times the thickness of slab. It will be noticed that the 
conclusions are the same as given for the Wenalden building test. 

Readings were also taken on the under side of the floor slabs parallel 
to the beams at three places (No. 1205, 1211 and 1213), but the condi- 
tions attending the location of these points do not permit conclusions to 
be drawn. 
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Fic. 61. ARRANGEMENT oF GauGE Lines TO Test ror MovEMENT OF Bar 
RELATIVE TO CONCRETE. 


39. Floor Slab.—Measurements were taken ou the floor slab in the 
direction of its span at three places on the under side and at one place 
on the upper side immediately above one of the lower measurements. 
These gauge lines were No. 277 on the under side of the slab close to a 
girder (Fig. 42), No. 279 on the under side of the slab 5 ft. from the 
edge of the girder, No. 309 (Fig. 43) on the upper surface immediately 
above No. 279, and No. 1203 (Fig. 42) on the under side half way be- 
tween girders. The measurements are plotted in Fig. 55 and 56. As 
might be expected from being close to the girder and near the level of 
its neutral axis, No. 277 showed little deformation. The pair of gauge - 
lines (No. 279 and 309) shows less deformation than would be calculated 
by the ordinary beam formula, but perhaps not less than would be the 
ease if the tensile strength of the concrete is considered to be quite ef- 
fective. The reading of No. 1203 was even smaller than No. 279. All 
the stresses found in the floor slab were low. The deformations parallel 
to the beams were discussed under T-beams. 

40. Bond Stresses—At the ends of the beams the reinforcing bars 
lapped over the center line of the girder a distance of 15 in. An effort 
was made to determine whether there was a movement of one of these 
bars with reference to the adjoining concrete and with reference to the 
adjoining bar; also whether the deformation in the stub end of the rein- 
forcing bar was the same as in the adjoining bar. Fig. 61 shows the 
location of the reinforcing bars with reference to each other, and the 
position of the gauge lines. No. 312-14 in comparison with No. 312 
and 314 will indicate any relative movement of one bar with respect to 
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the other, and No. 312c and 314c in comparison with No. 312 and 314, 
respectively, will indicate any movement of the bars with respect to the 
concrete. 

It appears possible that the initial reading of No. 314 is slightly in 
error, and the remarks already made about quantitative interpretation of 
results and the chances for variations in stresses in adjacent bars or in 
adjoining concrete should be borne in mind in studying the results. It 
seems evident that No. 314 (on the lapped bar) records considerably less 
stress than (Fig. 50, p. 74) No. 312. The measurements indicate a possi- 
bility that the right-hand point of gauge line No. 314 has moved to the 
right relatively to the right-hand point of No. 312, though this amount 
may not be more than the amount of initial slip necessary to develop the 
requisite bond stress. The measurements taken have no bearing on 
whether the left-hand point of No. 314 has moved. The measurements 
also indicate that there was no motion of the left-hand point on the rein- 
forcing bar (No. 312 gauge line) relatively to the concrete at its side, 
though it must be borne in mind that the point taken was so close to the 
bar that only slip and not distortion of concrete could be measured. 

41. Web Deformations.—No diagonal tension cracks were visible on 
any of the beams or girders. 

In girder 4 measurements were taken on the diagonal portion of a 
reinforcing bar, one of the bars which is provided to take negative bend- 
ing moment. This is shown in Fig. 42, Section K-K. The gauge lines 
are No. 222, 224 and 226. The position of the gauge lines is also shown 
in Fig. 41. The measurements are plotted in Fig. 57. It was impracti- 
cable to measure the deformation at a point closer to the support. The 
measurements show about the same stress at No. 222 and 224, perhaps 
5000 lb. per sq. in. The stress at No. 226 is materially less. It is not 
improbable that there was tension in this rod throughout its length. As 
there was considerable compression measured in the gauge lines on the 
bottom of the girder below No. 222, it seems probable that a crack was 
formed in the top of the floor slab somewhere above No. 222, but as this 
space was filled in with bags of cement no observation was made during 
the test, and inspection of this space after the load was removed seems to 
have been overlooked. At the other end of the girder, near column 6, a 
fine test crack was found on the upper surface of the floor 2 in. from the 
face of the column extending across the width of the girder and beyond. 
This extended through the floor. A similar crack was observed on girder 
3 near column 15. e 

Gauge line No. 228 is on a stirrup (see Fig. 41). This stirrup is in 
an inclined position. It is not known what bar it is intended to be 
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connected with, nor whether there is connection with a tension bar. The 
gauge line is in a region of the beam where horizontal compressive 
stresses may be expected. The measurement in the stirrup at the first 
increment of load shows tension (see Fig. 57) and subsequent increments 
give compression. It should be noted that readings could not be taken 
on the upper end of the stirrup. If the upper ends are merely bent out 
into the floor slab it is hard to see that the stirrup may be expected to be 
useful in transmitting web stresses. 

In beam 9 (see Fig. 42, section L-L, gauge line No. 218) measure- 
ment was taken on the diagonal portion of a reinforcing bar which is 
carried through the girder at its top and a few inches beyond. See also 
Fig. 41. This shows a tension of 3000 to 5000 lb.’ per sq. in. (See 
Fig. 57.) This bar was inaccessible from the top of the floor, but the 
gauge lines on the companion bar (No. 324 and 318) show about 5000 
and 9000 lb. per sq. in. Measurements in the diagonal portion of a 
single-bend bar (gauge lines No. 216 and 214, Fig. 42) which extends 
only to the center of the supporting girder indicate a small compression 
in the bar (see Fig. 57). A stirrup, which like the one in the girder 
was close to the end of the beam and was inclined so that its lower end 
was nearer the support than its upper, showed shortening of the stirrup 
(see gauge line No. 212, Fig. 41, 42 and 57). In both cases, the ar- 
rangement was such that the stirrup could hardly be effective. 

The amount of the vertical shear in the beams and girders was such 
that diagonal tension cracks might be expected except for the small tensile 
stresses in the top of the girder and the end constraint which seems to 
have been developed in both beams and girders. 

42. Deflections.—The deflections of the beams (including that due 
to deflection of girder) and the deflections of girders are given in Fig. 62. 
The location of the deflection points is shown in Fig. 44. The effect of 
time upon the deflection is shown by the increase in deflection under con- 
stant load. The change when portions of the load had been removed may 
be due in part to the time element and in part to the effect of location 
of the load on the panels. The deflections seem relatively small, especially 
when compared with deflections obtained in laboratory tests of beams 
carrying the same loads. The conditions were such that the supports 
were subject to possible displacement by workmen. 

43. Effect of Number of Panels Loaded.—In taking off the load, 
the outer panels were unloaded first, and observations were taken on the 
remaining panels in an attempt to determine the relation between single 
panel loading and group loading. Panels B and C were first unloaded 
(see Fig. 42), then panels D and F, then panels H and J, and finally 
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panel E. The deformations at each of these stages are shown in the 
load-deformation diagrams. If at each stage of the loading the average 
of the deformations at all the points having a similar location (say the 
points on the under side of the beams at the south end of the test area) 
be taken the effect of area loaded may be judged by the ratios of these 
values to the corresponding ones at full load. If the beams be considered 
as freely supported (without restraint) and their weight be neglected, 
and if it be assumed that no time is required for adjustment of members 
to the load coming upon them, it should be possible in many cases to 
forecast the effect of a change in the area loaded. Comparing the ratios 
referred to above (no diagrams reproduced here) with what might be 
expected on the basis of the above assumptions, it is found that in most 
cases the direction of the changes in stress agrees with predictions. The 
amount of change to be expected can not be predicted because of com- 
plications in the division of load between elements of the structure. A 
point worthy of note is that the stresses at the center of the panel EH 
are 30 per cent less when only panel E is loaded than when the whole 
test area is loaded. This must be due to the fact that with the removal 
of the load which rested on the side panels F and D the column beams 
at the edge of panel E recover a considerable part of their deflection, 
and because of their smaller deflection they will receive the effect of a 
greater proportion of the panel load than taken before, thus relieving 
the interior beams somewhat. The stresses were decreased at this stage 
more than they were increased later by the removal of the load in the 
end panel H. This indicates that the stiffness of the floor system per- 
mits considerable lateral distribution of the load-carrying stress. The 
removal of the load in panel H increased the stress in the beams at the 
center of panel E much as though the beams were continuous and freely 
supported. This would indicate that the most severe condition of load- 
ing affecting the center of the beams is brought about by loading several 
panels which he side by side and are not separated by girders. 

44, Effect of Time on Stresses Developed.—To determine the effect 
of time-under-load on the amount of deformation developed, observa- 
tions were taken at each stage of the loading after the load had been in 
position for from 8 to 12 hours and also at intervals of 8 to 16 hours 
when all panels were fully loaded. The latter investigation continued 
over 48 hours. The results found during the loading seem to indicate 
in a general way a tendency for the deformations at the ends of beams 
both above and below to increase and also those at the centers of the 
beams above, but on the lower surface of the beams at the center the 
tendency was to decrease. No reason is apparent why the changes on the 
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compression and tension surfaces at the center of the beam should be in 
opposite directions and it is probable that this result is erratic. With 
full load the time effect at only a few gauge lines was observed; only two 
of them were at the center of the beams, both being below and none 
above. These measurements also indicate an increase in deformation at 
the ends of beams both above and below. At the center of beam below, 
one gauge line shows an increase and the other a decrease in deformation 
thus giving no results. 
45. Colwmns.—Readings were taken on the four faces of column 
No. 5 just below the girders, but the results are not consistent enough to 
warrant attempting to draw conclusions. 
46. Test Cracks—Fine tension cracks were observed in the lower 
part of the beams and girders. The location of the observed cracks is 
shown on Fig. 63. The appearance of these fine cracks is similar to those 
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observed in laboratory tests. They would not be noticed without 
specially careful examination. 

The floor cracks already mentioned indicate the development of the 
tensile stresses in the beams and girders at the support. 

It was not possible to give full attention to every feature upon which 
information was sought, and in some cases isolated points were used 
with a view of determining tendencies, and in these naturally there is 
less certainty in the indications, 
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47. The Building-—The Deere and Webber Building is an eleven- 
story and basement warehouse at Minneapolis, Minnesota, owned by the 
Deere and Webber Company. It was built by the Leonard Construction 
Company of Chicago. Fig. 64 is a view of the building at the 
time of test. Fig. 65 shows the floor plan of the building and the loca- 
tion of the panels loaded. The dimensions of the panels are 18 ft. 8 in. 
by 19 ft. 1 in. A 1-2-4 mixture was used, the slab thickness measuring 
9 3/16 in. The floor was designed by the Concrete Steel Products 
Company for a live load of 225 lb. per sq. ft., and the details of the 
reinforcement are shown in Fig. 66. The floor tested was the fourth 
from the ground and the conditions were not such as to make a high 
showing of strength. Owing to a failure in the supply of aggregates 
during the construction of this floor, an abnormal number of bulkhead 
separations occur in the slab, as is shown in Fig. 65. Such separations 
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Fie. 65. Puan or Firoor SHowine Location or PANELS TESTED. 


occur in every panel under load except one. The concrete was only 40 
days old at the beginning of the test. In general the conditions were such 
as to give slightly higher stresses than would be expected had the slabs 
been well seasoned and normally poured. 

48. Method of Testing—Fig. 66 and Table 10 show the position 
of points at which measurements of deformation were made. The num- 
bers given are those used in recording and plotting the data in the tables 
and diagrams. The total number of readings was in excess of 3300. 
The falsework for instruments and observers is shown in Fig. 67. For 
measuring deflections the instrument shown in Fig. 68 was used. A pol- 
ished steel ball was attached to the ceiling, another was carried on an 
upright, and the instrument was inserted between them. Measurements 
were made in this manner to the nearest .001 inch with accuracy. For 
measuring the deformation in the reinforcement at the center of the 
span a clamp was rigidly attached to the slab rod (the concrete being 
removed at one point for this purpose), and a Wissler dial was carried 
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Fic. 66. ARRANGEMENT OF REINFORCEMENT AND LOCATION OF OBSERVATION 
PoIntTs. 


on the clamp (Fig. 69). A fine silk-covered copper wire was attached 
to the rod at a distance of 15 in. from the clamp and passed imme- 
diately below the rod, over an idler on the clamp, and then over the 
drum of the dial. As this wire was 1/16 in. below the under surface of 
the slab rod, the deformations observed were only slightly in excess of 
the deformation in the rod. The wire was placed in this position be- 
cause experience in the laboratory has demonstrated that measurements 
taken below the slab depending upon the position of the neutral axis for 
correction, are subject to considerable error. By this arrangement the 
deformation was measured to an indicated .0002 in. on a gauge length of 
15 in. The measurement was less responsive to slight changes than were 
the other measurements made. 

For measurements of deformation in the reinforcement over the 
column capital the University of Illinois type of Berry extensometer 
built for this test (Article 11) was used. A gauge length of 15 in. was 
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TABLE 10. 


Data on Position oF Rops ON WHICH DEFORMATIONS 
WERE MEASURED. 
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*Measurement from surface to center of rod. 


used. For measuring deformations in the concrete the original Berry 
6-in. extensometer (Fig. 13) was used. 

49. Loading and Testing.—In applying the load care was taken that 
no serious arch action in the load be possible. In the earlier stages 
brick were piled in piers, as shown in Fig. 65 and in Fig. 70, with open 
aisles from 8 in. to 16 in. wide between the piers. For the later loading, 
cement in bags was used as loading material, the piers being kept sep- 
arate as before. The load given in the tables is in all cases the total load 
on the panel divided by the area of the panel, the intensity of the load 
under the pier being greater. The aisles gave an opportunity for making 
observations upon the concrete and reinforcement. 

To correct for temperature variations one entire day was spent in 
observing effects due to temperature alone, and the large Berry exten- 
someter was read on a standard bar before and after each series of slab 
readings. 

The test continued for six days from October 30 to November 4, in- 
clusive, 1910. Eight panels were loaded. First readings were taken 
on all instruments with the floor unloaded and then a load equal to 75 Ib. 
per sq. ft. was applied over the entire eight panels. Another series of 
observations was taken and the load increased to 150 Ib. per sq. ft. In 
this manner alternate observations and loadings were continued for three 
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Fic. 69. WissteER D1au ror MEASURING DEFORMATION IN REINFORCEMENT. 


Fic. 70. View or Maximum Test Loan. 
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Fig. 71. D1aGRaM OF DEFLECTIONS. 


days. Over-night readings were taken on one or two occasions in the 
evening, about midnight and in the morning. The maximum load of 
350 lb. per sq. ft. was allowed to remain on the floor about 22 hours, 
readings being taken at frequent intervals during that time. In the 
process of unloading the outer panels were first cleared, and finally the 
load was removed from the center panel. Readings were taken at in- 
tervals during the progress of the unloading. The data obtained are 
presented in Tables 10-15 and plotted in Fig. 71-74. 
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50. Dejlections—Fig. 71 shows graphically the deflections at sixteen 
points, the same data being recorded in Table 11. On the second dia- 
gram of Fig. 71 note the comparison between readings 5 and 11, where 
bulkheads existed, and readings 17 and 42, where no bulkheads were 
present. Other instances of the marked effect of bulkheads on the 
stiffness of the slab may be seen in the plotted data. It may also be 
said in general that the deflections were greater in the outer panels 
than in the center panels, in part due to the bulkheads in these outer 
panels, and in part to the tendency to higher stresses and deflections 
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in end panels. The deflections probably would have been smaller 
with well cured concrete and in considering deflections it must be re- 
membered that this slab was only 43 days old when the maximum load 
was placed upon it. The maximum deflection found was .32 in., which 
is 1/1000 of the span. This was at a bulkhead in an outer panel. In 
the center panel the deflection for all eight panels loaded, was .227 in., 
or 1/1400 of the span, which increased to .274 in. or 1/1200 of the span, 
when the load was removed from the outer panels. 

51. Stress in Reinforcement at Center—Fig. 72 and Table 12 give 
the data on the measured deformations in the reinforcement at the center 
of the spans. The table is reduced to unit deformations while the dia- 
grams show total deformation over the lengths gauged. The stresses ob- 
served at the center were very low. On the upper diagram in Fig. 72 
are shown deformations in the center panel and it is to be noted that 
these are, in general, smaller than those in the outer panels. This 
would seem to indicate that the reinforcement at the center of the span 
should be designed for one panel loaded, as this apparently gives a worse 
condition at the center than full loading. The observed stresses indicate 
that the diagonal and cross band rods took practically the same stress. 
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Fig. 73. DraGRAM SHOWING STRESS IN REINFORCEMENT OVER CAPITAL. 
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52. Stress in Reinforcement at Column Capital—Table 13 and 
Fig. 73 give the data on the stress in the reinforcement over the column 
capital. The upper diagram covers diagonal rods, the lower diagram 
cross band rods. Among the diagonal rods it may be noted that the 
stress in rod No. 207 was measured over the edge of the capital while 
that in No. 203 and 204 was measured opposite the center of the col- 
umn. The higher stress in No. 207 would seem to indicate that the 
stress in these rods decreases, passing from the critical section at the 


TABLE 18. 
UNIT-DEFORMATION IN REINFORCEMENT OVER CAPITAL. 


Load in lb. per 


Bar ft. Gauge Line 
Center| Out 
Dance Banco | 202 203 204 207 205 206 208 209 
ee | 
0 0 00000 | .00000 | .00000 | .00000 | .00000 | .00000 | .00000 | .00000 
75 75 1 7 6 11 2 

150 150 24 22 19 25 18 22 19 14 
187.5| 187.5 29 28 30 33 24 26 23 18 
187.5| 187.5 | .00035 | .00022 | .00028 | .o0030 | .00022 | .00023 | .00022 | .00018 
225 225 30 31 26 2 23 
262.5| 262.5 44 44 48 58 42 42 45 52 
300 300 47 50 50 63 50 42 50 50 
300 300 49 54 54 63 50 42 49 34 
300 | 300 00053 | .00058 | .00057 | .00067 | .00059 | .00047 | .00054 | .o0040 
350 350 52 60 58 72 62 48 57 39 
350 | 350 54 | 59 56 73 62 47 61 45 
350 | 350 55 | 60 58 | _ 75 64 47 60 40 
350 | 350 53 58 57 75 62 45 58 40 
350 | 350 52 60 57 72 68 47 59 40 
350 | 350 54 61 56 76 67 48 61 41 
350 | 350 00056 | .00061 | .00056 | .00078 | .00064 | .00049 | .00063 | .00041 
350 187.5 53 55 54 80 64 4 41 
350 0 50 48 51 77 62 48 55 39 


edge of the capital to any section nearer the center of the column. This 
is as would be expected. The stresses found from these readings indicate 
clearly that the slab should be designed for a maximum moment over the 
support and not at the center. In the design of this building some 75% 
more reinforcement was provided over the support than was used at the 
center. 

53. Stress in Concrete at Hdge of Capital_—Fig. 74 and Table 14 
give deformations observed in the concrete at the edge of the column 
capital. Owing to the fact that when the slab was poured there was no 
intention of testing, no specimens of the concrete were available from 
which to determine the modulus of elasticity. Hence it is necessary 
to assume a value for concrete about 40 to 45 days old cured in fall 
weather at Minneapolis. From experiments made at the University of 
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TABLE 14. 
UNIT-DEFORMATION IN CONCRETE AT EDGE OF CAPITAL. 
Load in Ib. | Gauge Line 
per sq. ft. 
Center Outer 102 103 104 105 106 107 
Panel | Panels 
0 fy) 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 0.00000 
75 75 11 17 9 7 8 z 
150 150 21 28 21 22 17: 20 
187.5 187.5 24 30 24 16 18 20 
187.5 187.5 0.00015 | 0.00021 0.00018 | 0.00013 | 0.00015 0.00012 
225 225 15 25 20 17 14 20 
262.5 | 262.5 28 37 31 28 25 31 
300 | 300 36 43 38 36 32 34 
300 300 39 44 38 33 30 33 
300 300 0.00032 | 0.00038 | 0.00033 0.00029 | 0.00024 0.00031 
350 350 47 4 38 32 38 
350 350 43 47 42 39 33 38 
350 350 43 49 43 42 35 39 
350 350 44 45 44 42 34 37 
350 350 47 48 46 42 34 40 
350 350 49 50 48 41 36 40 
| 

350 | 350 0.00047 | 0.00045 | 0.00046 | 0.00040 0.00034 0.00040 
S5Ome a) ee 1875 47 49 44 36 31 37 
350 0 44 44 38 23 22 30 


Illinois conerete of the same age cured under laboratory conditions 
showed a modulus of 1875000 lb. per sq. in., and in Table 15 this 
modulus has been used as giving the value for the concrete stress. In 
Fig. 74 a stress of 100 lb. per sq. in. corresponds to a deformation of 
.00032 in. if a modulus of 1875000 be assumed. 

An interesting feature shown in the curves is the falling off in 
the concrete deformation when the load was allowed to remain over 
night. The decrease is less marked at higher loads than at low loads, 
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while readings taken at very frequent intervals while the maximum load 
was on the floor showed that at first the stress steadily increased and 
the decrease did not begin until some time after the load was applied. 
The phenomenon is of interest as showing the readjustment in stresses 
which takes place under load even in the least plastic constructions. 
In general the concrete stresses checked those found in the reinforce- 
ment over the support. 

54. Summary of Stresses.—Table 15 gives a summary of the 
stresses found at various points under the design load of 225 lb. per 
sq. ft. and also under the maximum load applied of 350 lb. per sq. ft. 


TABLE 15. 


SUMMARY OF STRESSES. 
Stresses are given in pounds per square inch. 


Design Load—225 lb. Maximum Load—350 lb. 


per sq. ft. per sq. ft. 

Tila DAL: Total L. L. DAL: Total 

REINFORCEMENT OvyEerR Heap: 
Diagonal Band. Maximum..} 13 800 6 900 20 700 24 200 6 900 31 100 
Average....}| 11000 5 500 16 500 18 800 5 500 24 300 
Cross Band. Maximum..| 10000 5 000 15 000 18 800 5 000 23 800 
Average....| 9000 4 500 13 500 17 200 4 500 21 700 

REINFORCEMENT AT CENTER: 
Diagonal Band. Maximum..| 2 400 1 200 3 600 4 800 1 200 6 000 
Average....| 2000 1 000 3000 | 4800 1 000 5 800 
Cross Band. Maximum,..| 2 800 1 400 4 200 8 000 1 400 9 400 
Average....| 2500 1 300 3 800 6 600 1 300 7 900 
Outer Panels. Maximum..|} 4 600 2 300 6 900 10 400 2 300 12 700 
Average....| 3800 1 900 5 700 8 000 1 900 9 900 


CoNCRETE AT CAPITAL: 


Diagonal Direction. Maximum. . 530 265 795 800 265 1 065 
Average.... 500 250 750 750 250 1 000 

Cross Direction. Maximum.. 500 250 750 800 250 1 050 
a Average.... 468 234 700 750 234 984 


Concrete Stresses based on Ec = 1,875,000 lb. per sq. in. 


In making up this table the dead load stresses have been taken as one- 
half the indicated live load stress at the design load (the dead weight 
of the slab being half this load). This is a maximum assumption and 
probably is somewhat in excess of the true value, as the concrete was not 
broken in tension until after a live load of 75 lb. per sq. ft. was ap- 


plied. 
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55. Cracks—Very careful observations were made to discover and 
record all cracks. A reading glass was used to aid the eye, and dust 
was removed by means of bellows. It is easy not to discover cracks in 
such a test, and with casual observatious very hkely but few of these 
cracks would be noted. In fact all of them were very fine. At a 
load of 262.5 lb. per sq. ft. a crack was observed at the bulkhead where 
two days had elapsed between the pouring of the adjacent floor sec- 
tions. 

At 300 lb. per sq. ft. cracks appeared at the other bulkheads. Very 
fine cracks were also found in the center panel where no bulkhead 
existed and over the edge of the capital at column No. 41, these being 
very faint and hard to trace for any distance. At 350 lb. per sq. ft. 
there could be traced out the cracks shown in Fig. 75 in which the 
dotted lines represent cracks in the ceiling below. The cracks about 
the column head are of interest as indicating the position of the critical 
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section for which moments should be figured in analyses. These aver- 
aged about 2 or 3 in. outside the edge of the capital. 

At column No. 51 the position of the crack would seem to indicate 
that for a single panel loaded the critical section moves nearer the sup- 
port, resulting in higher stresses at the center. This crack and similar 
ones, as at columns No. 49, 39 and 21, were very faint, indicating a lower 
stress in the reinforcement over the support at such points. The cracks 
shown running diagonally near columns No. 21 and 51 were in all cases 
directly beneath slab rods. 

Another set of cracks which developed only under the maximum load 
of 350 Ib. per sq. ft. is significant. These cracks ran along the center line 
of the cross bands, being easily traced in the portion about half way be- 
tween columns, growing fainter toward the columns, and disappearing en- 
tirely in most cases before reaching the crack over the edge of the capital. 
Evidently there is negative bending moment at these sections. These 
cracks, we believe, had not been observed before, probably because other 
building tests have not been so extensive, and because cracks have not 
ordinarily been very carefully observed. 

56. Comments.—The most important result of the Deere and Webber 
Building test lay in the demonstration that a field test of a reinforced 
concrete building may be made with the reasonable expectation of secur- 
ing reliable and useful data on the stresses developed in the steel and in 
the concrete. The test gives certain well-defined indications. It shows 
that the bending moment at the support is much greater than that at the 
center of the span. It indicates, by the position of the cracks, a critical 
section for which moments should be calculated. It indicates that the 
stresses at the center of the span are lower than analyses would lead one 
to expect. It indicates that bulkheads act to increase deflections and 
stresses. It indicates that the reinforcement at the center receives its 
maximum stress for the condition of load on one panel only. 


VI. GeneraLt ComMENTS. 


57. General Comments.—The tests described in the bulletin are of 
such a nature and cover so much ground that it is impracticable to sum- 
marize results or to formulate specific conclusions in any brief way. In 
the body of the text, the results of tests have been stated and described 
in detail, the action of structures discussed and conclusions drawn. The 
data are given in full in the tables and diagrams. In general the conclu- 
sions may be considered to be applicable to structures of similar construc- 
tion. Possibly some of the conclusions, easily recognized in the text, 
will require further tests to determine whether they are generally appli- 
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cable. The information obtained in these tests will be found of value 
in the settlement of a number of questions which are in dispute, and 
the results when taken in connection with other tests may be expected 
to be of considerable assistance in developing analyses and deter- 
mining constants for use in the design of reinforced concrete structures. 
Many of the results of the tests have a bearing upon the unsettled prob- 
lems and even on matters which many have considered to be not open 
to question. 

The tests here recorded have shown the practicability of measuring 
the deformations or strains in critical parts or members of a reinforced 
concrete structure when subjected to load. Methods have been developed 
for making measurements and tests in a way that will give trustworthy 
data. Difficulties have been overcome, and many of the precautions 
found necessary have been formulated. Skill and experience are essen- 
tial in making such tests, and the difficulties encountered are of a wider 
range than those met in the best laboratory practice. As in other tests, 
caution must be exercised in drawing conclusions, and judgment must be 
used in interpreting results. The presence of low stresses should not be 
taken as being conclusively indicative of low bending moments; and the 
action of tension in the concrete, of horizontal thrust distributed over 
large distances, and of other agencies may need consideration. Action 
under partial load, as when a single panei is loaded, must be recognized 
to differ from that under full load. 

Such problems as the distribution of bending moments along the 
length of the beam, the distribution of stresses over areas outside of those 
usually assumed as forming the beam, the presence of secondary stresses 
and of web stresses in structures as they are fabricated, will be solved 
only when adequate field tests have been made. The analysis of struc- 
tures and the determination of the resistance of individual members or 
parts require the making of assumptions and the choice of constants, and 
the proper determination of these may be made only with full knowledge 
of the properties of the materials found by laboratory tests and of the 
action of the fabricated structure as shown in adequate field tests. 


